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INTRODUCTION 

In  1952,  the  Council  of  Scientific  &  Industrial  Research,  with  the 
concurrence  of  the  Mimstrv  of  Food  &  Agricultuie,  brought  out  a  pubh- 
cation  entitled  Investigations  on  the  Composition  and  Nutritive  1  nine  oj  J  anaspati. 
That  publication  represented  a  compilation  of  the  results  of  researches 
carried  out  under  the  auspices  of  the  former  Food  Department  of  the 
Government  of  India  (now  merged  with  the  Ministry  of  Food  &  Agri¬ 
culture)  and  the  Council  of  Scientific  &  Industrial  Research.  1  he 
present  volume,  which  is  the  second  in  the  series,  relates  exclusively  to  the 
results  of  investigations  sponsored  by  the  Vanaspati  Research  Advisory 
Committee  of  the  Council  of  Scientific  &  Industrial  Research. 

The  vanaspati  industry,  though  comparatively  young,  has  made 
phenomenal  progress  during  the  past  two  and  a  half  decades  of  active 
existence.  File  pi  ogress  was  seriously  threatened  in  the  late  forties  conse¬ 
quent  on  the  reports  that  the  product  was  injurious  to  health.  The 
Government  under  the  then  Minister  for  Food  &  Agriculture  (Dr.  Rajendra 
Prasad,  now  the  distinguished  President  of  India)  kept  an  open  mind  and 
provided  adequate  funds  and  facilities  for  a  fairly  exhaustive 
investigation,  on  a  planned  collaboration  basis,  at  a  number  of  leading 
institutions  in  the  country.  The  investigation  was  designed  to  throw  light 
on  the  nutritive  value  of  vanaspati  with  paiticular  reference  to  the  poor 
diets  as  consumed  in  some  parts  of  the  country.  A  team  of  over  25 
lesearch  workers  was  engaged  on  the  study  which  extended  over  a  period 
of  .i  years.  I  he  results  showed  conclusively  that  no  deleterious  effect  is 
produced  by  vanaspati  with  a  melting  point  of  37 °C. 
though  restricted  in  scope,  represents  one  of  the  best 
of  scientists  in  India.  The  Government  accepted 
scientists. 

1  he  vanaspati  industry,  through  its  Manufacturers’  Association 
1  u  “X*  thef  fvahJe  of  ,scie"tific  research,  generously  came  forward  with 
r  °V.el  of  to  he  placed  unconditionally  at  the  disposal  of  the 
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^lese  centres  has  already  been  published  in 
I  he  present  publication  represents  a  consoli- 
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the  form  of  scientific  papers, 
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dated  account  ol  the  results  and  serves  as  a  reference  volume  on  the  progress 

ol  vanaspati  research  for  the  use  of  industry,  scientists  and  others  interested 
m  the  subject. 

T  he  Committee  has  also  sponsored  the  publication  of  Annual 
Reviews  under  the  series  title  :  Literature  Survey  on  Oils  and  Fats.  These 
surveys,  prepared  by  the  stafl  attached  to  the  Central  Food  Technological 
Research  Institute,  Mysore,  have  helped  o  present  in  a  compact  form  the 
more  important  advances  in  the  field  of  oils  and  fats,  not  only  in  India, 
but  also  in  other  parts  of  the  world. 

The  vanaspati  industry  has  on  its  rolls,  cpiite  a  number  of  active 
scientists  engaged  in  scientific  control  and  testing  work,  and  in  the  study 
of  problems  that  face  the  industry.  In  addition  to  these,  there  is  need 
for  both  fundamental  and  applied  research  of  a  specialized  nature  which 
could  be  best  carried  out  in  universities  and  research  laboratories. 

The  present  publication  owes  its  origin  to  the  initiative  and  keen 
interest  of  Prof.  M.S.  Thacker,  Director-General  of  Scientific  &  Industrial 
Research,  and  Mr.  S.H.  Turner  (Chairman,  Hindustan  Lever  Ltd.), 
representative  of  the  industry  on  the  Vanaspati  Research  Advisory 
Committee.  To  them  and  to  the  contributors,  who  readily  responded  to 
the  invitation,  our  thanks  are  due. 


Mysore 

May  27,  1958 


V.  Subrahmanyan' 
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1.  STABILITY  OF  HYDROGENATED  GROUNDNUT  OILS 

Studies  on  the  stability  of  hydrogenated  oils  are  of  importance  to  the 
vanaspati  industry.  Results  of  tests  on  the  stability  of  groundnut  oils 
(raw,  refined  and  hydrogenated)  under  various  conditions  have  been 
reported  in  a  previous  publication1.  The  studies  have  been  extended  to 
cover  stability  of  hydrogenated  groundnut  oils  blended  with  various  oils, 
crude,  refined  and  hydrogenated,  in  comparison  with  straight-hardened 
groundnut  oil.  The  results  of  this  study  are  presented  below. 


Blended  and  Straight-hardened  Oils 

The  stability  of  hydrogenated  groundnut  oil  of  different  melting- 
points  blended  with  varying  proportions  of  sesame  oil  (crude  apd  refined) 
has  been  studied  and  compared  with  the  stability  of  straight-hardened 
groundnut  oil2,3. 

The  composition  and  characteristics  of  three  samples  of  blended 
oils  and  one  ol  straight-hardened  groundnut  oil  used  in  1  his  study,  arc 
gi\en  in  fable  1.  Samples  ol  blends  and  straight-hardened  oil  were  kept 
in  sealed  tins  and  also  in  loose-cover  tins  at  37°C.  One  sealed  tin  and  one 
loose-cover  tin  were  taken  out  every  month  for  determining  peroxide  value 
Till,  of  N/jOO  thiosulphate  per  g.  of  oil)  and  acid  and  iodine  values. 
Lmoleie  acid  was  estimted  by  the  spectrophotometric  method  of  Hilclitch 
et  al.\  the  oleic  acid  content  was  calculated  from  the  iodine  value  and  the 

the  oils  studied  C°ntCnt’  ^  n°  °Uiei  unsaturated  acids  ai'e  present  in 

At  the  end  of  5  months,  no  rancid  odour  could  be  detected  in  anv 
of  the  samples  stored  in  closed  tins,  but  rancidity  was  detected,  from  the 
second  month  onwards  in  blended  samples  stored  in  loose-cover  tins 

ino-  atA37?c\  th  h]cnd^  hydrogenated  groundnut  oil  samples  (all  melt- 
in  at  37  C.)  the  ones  having  a  greater  proportion  of  refined  groundnut 
oil  showed  higher  rates  ol  peroxide  and  acid  formation  (Tables' &1  and 
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Table  1 — Characteristics  of  Blended  and  Straight-hardened  Hydrogenated  Groundnut  Oils 
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Straight-hardened  oil  containing  5%  sesame  oil  37.0  GO. 2  0.0  0.11  1.7  73.0 


Table  2 — Characteristics  of  Blended  and  Straight-hardened  Oils  Stored  in  Tins 
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*  Composition  same  as  given  in  Table 
t  ml.  of  N/500  thio./g.  fat 


INVESTIGATIONS  ON  VANASPATI 


.UWe“ ?““t  oil  appeared  to  be  more 
sample  containing  the  ]p  ict  '  C1f  ues)  ^an  even  the  blended 

sppfl§Sfl!| 

^aStstaS  nth  *1tetllh5?h?*  |)10p0rtion  of  oloic  add  had®, he 
part  fo  long1  a^  HnoIeic  acid  '  ***  ^  «**  a"V.  significant 

m,^1™  °-t  ne  hlCt  that  highly  hardcned  hit  can  be  blended  with  a 
J.  r  1  ?  suitable  proportions  to  conform  to  the  consistency  of  straight- 

hardened  fat  the  determination  of  linoleic  acid  content,  and,  to  a  less 

extent,  of  iodine  value  would  help  to  differentiate  blended  vanaspati  contain! 

ghqmd  oil  fiom  straight-hardened  vanaspati.  It  may,  however,  be  noted 
that  \\  hue  the  blended  vanaspati  is  less  stable  than  the  straight-hardened 

sample,  it  contains  more  linoleic  acid  which  may  be  of  nutritional  signi- 
ncance.  ° 


The  increase  in  acid  value  was  usually  small.  Though  the  acid  value 
lias  probably  no  direct  relation  to  peroxidation,  the  rale  of  increase  of  acid 
value  was  roughly  proportional  to  that  of  peroxide  value.  Antioxidants 
usually  suppressed  acid  formation  slightly,  and  peroxide  formation 
considerably. 

1  lie  pci  oxide  value  of  blended  samples  stored  in  scaled  tins  rose 
initially,  but  decreased  after  2  to  3  months. 


Vanaspati  Containing  Other  Hydrogenated  Oils 

Considering  the  fact  that  vegetable  oils  other  than  groundnut  oil 
may  also  be  used  for  the  manufacture  of  vanaspati,  it  is  useful  to  study 
the  stability  of  vanaspati  made  from  red  palm,  linseed,  mustard  and  cotton¬ 
seed  oils.  The  results  of  investigation  on  stability  of  vanaspati  made  from 
varying  proportions  of  these  oils  and  that  of  hydrogenated  groundnut  oil3 
are  summarised  below. 

Hydrogenated  groundnut  oil  containing  5  per  cent  sesame  oil  and 
0,10,20,30,40  and  50  per  cent  hydrogenated  palm  oil,  and  hydrogenated 
linseed  and  mustard  oils  containing  5  per  cent  sesame  oil  and  0,20,45  and 
70  per  cent  hydrogenated  groundnut  oil  v  ere  used  in  this  investigation. 
The  characteristics  of  the  samples  are  given  m  Table  3. 

The  samples  were  packed  in  5-lb.  scaled  tins  and  kept  at  room 
temperature  (15°-31°  in  the  case  of  linseed  oil  and  15°-40°  in  the 
case  of  palm  and  mustard  oil  samples).  The  results  arc  given  in 
Table  4.  In  another  set  of  experiments,  100  g.  samples  were  stored 
at  37°  with  and  without  ethyl  gallate  (0.01  per  cent)  and  with  added 
vitamin  A  (30  i.u.  per  g.  of  sample).  Samples  were  withdrawn  every 
month  for  examination.  Vitamin  A  was  determined  colorimetrically  by 
the  Carr-Price  reaction5.  The  results  are  given  in  Tables  5,  6  and  7. 

No  rancid  odour  was  observed  in  closed  tin  samples;  nor  was  there 
any  appreciable  rancid  odour  in  loose-cover  tin  samples. 

There  was  hardly  any  difference  in  peroxide  or  acid  values  among 
the  samples  containing  different  proportions  of  mustard  oil  stored  in  scaled 
tins.  In  linseed  oil  samples,  on  the  other  hand,  the  peroxide  value  rose 
markedly  with  increasing  proportion  of  hydrogenated  linseed  oil;  the  acid 
value  also  increased,  though  not  so  markedly.  In  samples  containing 
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ml.  of  N/500  thio./g.  fat 


Tabus  Characteristics  of  Vanaspati  Contains  tv™  - - 

*  A  sung  Different  Hydrogenated 
Oils  Stored  in  Sealed  Tins 


Sample 

No. 

* 

Hardened  oil  added 

Peroxide  val.t 
- - 

Acid 

val. 

Initial 

After 

Initial 

-  ... 

After 

1 

2 

5  months 

5  months 

0.3 

2.5 

0.06 

0.16 

0.3 

2.8 

0.  10 

0.23 

3 

- 

0.3 

2.6 

0.20 

0.29 

4 

Palm 

0.3 

2.6 

0. 19 

0.34 

5 

0.3 

2.6 

0.22 

0.42 

6 

J 

0.4 

2.6 

0.22 

0.45 

a 

•"v 

0.2 

0.8 

0.07 

0.08 

b 

Mustard 

0. 1 

0.8 

0.08 

0.09 

c 

i 

0.6 

0.9 

0.09 

0.09 

d 

J 

0.5 

0.8 

0.08 

0.09 

I 

j 

0.2 

1.4 

0.02 

0. 14 

II 

| 

J* 

1 

Linseed 

0.3 

1.7 

0.03 

0. 16 

III 

0.4 

2.3 

0.02 

0.  16 

IV 

1 

J 

0.4 

2.9 

0.08 

0.  18 

* 

Composition  as  given  in 

Table  3 

'j'  ml.  of  N/500  thio./g.  fat 


increasing  proportions  of  palm  oil,  the  rise  was  marked  in  acid  value,  but 
not  in  peroxide  value. 

In  loose-cover  tins  also,  higher  proportions  of  linseed  and  mustard 
oils  induced  more  peroxide  formation.  In  the  case  of  palm  oil,  however, 
a  higher  proportion  of  it  gave  a  lower  peroxide  value  owing  apparently  to 
the  lower  iodine  value  of  palm  oil.  The  increase  in  acid  value  in  all 
samples  was  small,  but  higher  proportions  of  all  the  three  oils  increased  the 
acid  value. 

Ethyl  gallate  suppressed  peroxide  formation  markedly  ;  it  had  only 
slight  effect  on  acid  value.  Vitamin  A  w'as  more  stable  in  samples  contain¬ 
ing  palm  oil  than  in  samples  containing  linseed  or  mustard  oil.  The 
stability  of  vitamin  A  appeared  to  be  related  to  peroxide  formation  in  diffe¬ 
rent  samples. 

Effect  of  Sesame  Oil  on  Stability  and  Properties  of  Vanaspati 

It  had  been  found  earlier  in  this  laboratory  that  crude  sesame  oil 
stabilised  vanaspati  better  than  refined  sesame  oil6.  This  investigation 
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T  .  *  stability  of  Vanaspati  Containing  Hydrogenated  Palm  Oil  Stored 
Table  j— Stability  oi  JS  Loose.Cover  Tins 

Vitamin  A 


Peroxide 

val.f 

Acid  val. 

—A _ _ 

content,  t.u./g • 

- - A* - S 

Sample* 

No. 

Additive 

r - — 

Initial 

After  5 
months 

t - 

Initial 

After  5 
months 

Initial 

After  5 
months 

1 

Nil 

0.3 

7.  1 

0.06 

0. 19 

•  • 

•  •  . 

E.G. 

0.3 

3.7 

0.06 

0.  18 

Vitamin  A 

0.3 

7.3 

0.06 

0.  18 

30.0 

17.3 

E.G.  -{-vitamin  A 

0.3 

3.7 

0.06 

0.  18 

30.0 

18.2 

2 

Nil 

0.3 

7.1 

0. 10 

0.31 

♦  • 

E.G. 

0.3 

4.9 

0.  10 

0.29 

Vitamin  A 

0.3 

6.9 

0.  10 

0.29 

30.0 

17.4 

E.G.  -f  vitamin  A 

0.3 

4.7 

0.  10 

0.26 

30.0 

16.3 

3 

Nil 

0.3 

5.9 

0.20 

0.34 

•  • 

E.G. 

0.3 

5.6 

0.20 

0.37 

Vitamin  A 

0.3 

7.0 

0.20 

0.36 

30.0 

17.4 

E.G.  -f  vitamin  A 

0.3 

4.4 

0.20 

0.36 

30.0 

16.3 

4 

Nil 

0.3 

5.8 

0.  19 

0.44 

•  • 

•  • 

E.G. 

0.3 

3.5 

0.  19 

0.39 

•  • 

•  • 

Vitamin  A 

0.3 

6.7 

0. 19 

0.39 

30.0 

21.1 

E.G.  + vitamin  A 

0.3 

3.5 

0.22 

0.41 

30.0 

21.0 

5 

Nil 

0.3 

6.6 

0.22 

0.48 

.  • 

,  . 

E.G. 

0.3 

5.9 

0.22 

0.48 

. . 

•  • 

Vitamin  A 

0.3 

5.6 

0.22 

0.52 

30.0 

20.0 

E.G. -f  vitamin  A 

0.3 

4.0 

0.22 

0.45 

30.0 

20.0 

6 

Nil 

0.4 

6.3 

0.22 

0.50 

E.G. 

0.4 

3.7 

0.22 

0.29 

•  . 

,  , 

Vitamin  A 

0.4 

7.4 

0.22 

0.45 

30.0 

20.0 

E.G. -}- vitamin  A 

0.4 

3.9 

0.22 

0.52 

30.0 

21.2 

*  Composition  same  as  given 
t  ™1.  N/500  thio./g.  fat 

in  Table  3, 

E.G.- 

-Ethyl  gallate 

Table  6 — Stability  of  Vanaspati  Containing  Hydrogenated 

Stored  tn  Loose-cover  Tins 

Mustard 

Oil 

Peroxide  val.t 

Acid  val. 

Vitamin 

A 

Sample*  Additive 

/—  -A- 

-A. _  _ 

i.u.jg. 

No. 

a  Nil 

initial 

0.2 

After  5 
months 

r 

Initial 

0.07 

After  5 
months 

t - *- 

Initial 

After  5 
months 

E.G. 

0.2 

1  .a 

0.07 

0.09 

Vitamin  A 

0.2 

5.4 

0.07 

0.08 

30 

18.0 

E.G.  -f  vitamin  A 

0.2 

1.4 

0.07 

0.08 

30 

22.5 

h  Nil  • 

0.  1 

7.3 

0.00 

0.  10 

.. 

E.G. 

0.  1 

1.9 

o.oa 

0.09 

.  . 

.  • 

Vitamin  A 

0.  1 

9.7 

0.08 

0.  10 

30 

15.3 

E.G.  -j-vitamin  A 

0.  1 

1.9 

0.08 

0.08 

30 

20.9 

c  Nil 

0.6 

17.0 

0.09 

0.  12 

•  . 

,  , 

E.G. 

0.6 

4.5 

0.09 

0.  10 

•  . 

Vitamin  A 

0.6 

15.5 

0.09 

0.  15 

30 

14.3 

E.G.  +  vitamin  A 

0.6 

3.  1 

0.09 

0.11 

30 

17.6 

d  Nil 

0.5 

14.4 

0.08 

0.  12 

.  . 

E.G. 

0.5 

4.  1 

0.08 

0.  10 

Vitamin  A 

0.5 

15.3 

0.08 

0.11 

30 

15.8 

E.G. -[-vitamin  A 

0.5 

3.2 

0.08 

0.11 

30 

17.6 

*  Composition  as  given  in 
t  ml.  N/500  thio./g.  fat 

Table  3. 

E.G.— 

Ethyl  gallate 

Table  7 — Stability  ok  Vanaspati  Containing 

Stored  in  Loose-cover 

Hydrogenated 

Tins 

Linseed  Oil 

Sample*  Additive 

No. 

Peroxide 

val.t 

Acid 

val. 

Vitamin  A 
i.u.jg. 

, _  - , 

Initial 

] 

After  5 
months 

f - < 

Initial 

After  5 
months 

Initial  After  5 
months 

I  Nil 

0.2 

7.2 

0.02 

0. 14 

•  • 

•  • 

E.G. 

0.2 

1.5 

0.02 

0.  14 

•  • 

8 


Cont-d. 


Vitamin  A 

Table 

0.2  • 

7 — Conld. 

0.7 

0.02 

0.  14 

30.0 

14.5 

E.G.-j- vitamin  A 

0.2 

1.4 

0.02 

0. 14 

30.0 

18.0 

II 

Nil 

0.3 

8.7 

0.03 

0.17 

•  • 

E.G. 

0.3 

1.5 

0.03 

0. 10 

•  • 

Vitamin  A 

0.3 

8.7 

0.03 

0.  18 

30.0 

14.5 

E.G.  *f  vitamin  A 

0.3 

l.G 

0.03 

0. 10 

30.0 

10.5 

in 

Nil 

0.4 

0.0 

0.02 

0.  18 

E.G. 

0.4 

2.3 

0.02 

0.  17 

•  • 

Vitamin  A 

0.4 

0.2 

0.02 

0.17 

30 . 0 

14.5 

E.G.  -(-vitamin  A 

0.4 

3.2 

0.02 

0.  17 

30.0 

16.0 

IV 

Nil 

0.4 

0.0 

0.08 

0.22 

.  • 

E.G. 

0.4 

•  • 

0.08 

• . 

.  . 

. . 

Vitamin  A 

0.4 

8.5 

0.08 

0.23 

30.0 

13.0 

E.G.  -f-vitamin  A 

0.4 

2.3 

0.08 

0.21 

30.0 

13.0 

•Composition  as  given  in 

Table  3. 

E.G. — Ethyl  Vallate 

tml. 

N/5C0  thio. 

g.  fat 

Table  8  Characteristics  of  Crude,  Refined  and  Hydrogenated  Sesame  Oit.s 


and  Hydrogenated  Groundnut 

Oil 

Oil 

lod.  Peroxide* 

val.  val.  • 

Acid 

val. 

Sap. 

val. 

Baudouin 
test  I 

Crude  sesame 

111.8  1.7 

2.70 

190.5 

149.5 

Refined  sesame 

104.3  3.7 

0.27 

188.  1 

95 . 0 

llvdrogenated  sesame 
(m.p.  37°C.) 

8-1.7  0.0 

0.23 

187.0 

90.0 

Hydrogenated  groundm 
(m.p.  37°C.) 

it 

00 .0  0.0 

0.27 

192.0 

*ml.  N, 500  thio.  g.  fat  tLovibond  Red  units,  1  cm.cell 


was  continued  in  order  to  study  the  eflert  of  -i  ,  . 

flavour,  colour  and  taste  of  vanaspati  under  storage  and’t'he'rhaf"1^"  °" 
storage  in  the  intensities  of  Baudouin  test"  ’  Chan«e  durm« 

(0.01  per  cent)  were  stored  irA  lb.  tins  at  V°C 's a  " U  '°Ul  elhyl  Sallate 
at  fortnightly  intervals  and  mmin  i  r  n  •  •  ^*amP*es  uere  taken  out 

teristics  (Table9^Va  S  aiK*  examined  ^or  Baudouin  test  and  other  charac- 
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Fig.  1 — Colour  intensity  of  fats  (in  Baudouin 


test)  with  different 


PERCENTAGES  OF  SESAME  OIL 


Fig.  1  shows  that  there  is  a  linear  relation  within  certain  limits, 
between  the  amount  of  sesame  oil  taken  and  the  intensity  of  red  colour 
(in  Baudouin  test)  of  the  aqueous  layer  which  has  a  fixed  volume.  The 
linearity,  however,  begins  to  deviate  with  increasing  proportions  of  the  oil. 

It  will  be  observed  from  Table  9  that  crude  sesame  oil  is  superior 
to  refined  sesame  oil  or  hydrogenated  sesame  oil  for  incorporation  in  vanas- 
pati.  The  intensity  of  colour  with  crude  oil  in  the  Baudouin  test  is  consis¬ 
tently  greater  and  persists  for  longer  periods  of  storage.  Further,  there 
is  no  appreciable  difference  in  taste,  flavour  and  colour  of  vanaspati  samples 
containing  crude,  refined  and  hydrogenated  sesame  oil,  so  that  the  use  of 
crude  sesame  oil  in  vanaspati  appears  to  be  preferable. 

2.  STABILITY  OF  ADDED  VITAMIN  A  IN  GROUNDNUT  OILS 

Vanaspati  produced  in  India  is  enriched  with  700  i.u.  of  synthetic 
vitamin  A  per  oz.  as  per  the  Vanaspati  Control  Order  of  the  Government  of 
India.  Studies  on  the  stability  of  vitamin  A  are  of  importance  to  the  indus¬ 
try  and  a  few  papers  on  this  subject8-10  have  been  published.  The 
stability  of  vitamin  A  acetate  and  Vanitin  ( Hojjman- La- Roche)  added  to 
crude  and  refined  groundnut  oils  and  blended  and  straight-hardened 
groundnut  oils  has  been  studied  under  different  storage  conditions  and  also 
when  heated  and  used  as  a  cooking  medium8-11.  A  summary  of  the 
results  obtained  is  presented  below. 

Stability  of  Vitamin  A  Acetate  in  Groundnut  Oils 

Stability  on  storage :  Crude  groundnut  oil,  refined  gioundnut  oil, 
hydrogenated  groundnut  oil,  m.p.  37°C.,  blended  hydrogenated  ground- 
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E.G. — Ethyl  gallate 
*ml.  N/500  thio./g.  fat 
'fLovibond  Red  Units,  1  cm.  cell 


Table  10— Characteristics  of  Groundnut  Oils 


Oil 

Peroxide  val.* 

Acid  val. 

Sap.  val. 

Iod.  val. 

Crude 

2.4 

2.02 

193.0 

91.35 

Refined 

4.0 

0.82 

195.5 

91.94 

Straight-hardened 

0, 

0.21 

185.4 

61.46 

Blended 

2.9 

0.30 

189.6 

76.25 

*ml.  N/500  thio./'g.  fat 


nut  oil,  m.p.  37 °C.  1  part  of  hydrogenated  oil,  m.p.  55°C.  and  5  parts  of 
refined  groundnut  oil)  and  straight-hardened  groundnut  oil,  m.p.  37  °C. 
have  been  used  in  these  studies.  Ethyl  gallate  was  used  as  antioxidant. 

The  initial  characteristics  of  the  oils  are  given  in  Table  10.  The  per¬ 
centage  of  vitamin  A;  peroxide  values;  and  rancidity  of  oils  after  21  days 
storage  at  60°C.  and  59  days  storage  at  37.5°C.  have  been  determined 
and  the  effect  of  addition  of  ethyl  gallate  (0.1  per  cent)  on  these  pro¬ 
perties  has  been  studied.  For  comparison,  the  corresponding  values,  when 
liquid  paraffin  (an  inert  non-autoxidising  vehicle)  is  added  in  place  of 
ethyl  gallate,  have  been  determined.  The  results  are  presented  in  Table  1 1. 

The  results  (Table  11)  show  that  straight-hardened  oil  retained  the 
maximum  amount  of  vitamin  A  both  at  37*5°  and  60  G.  while  the  refined 
oil  retained  the  least  amount.  The  retention  of  vitamin  A  was  slightly 
better  in  crude  oil  than  in  blended  oil.  Ethyl  gallate  afforded  significant 
protection  to  vitamin  A  acetate  in  all  samples,  though  the  degree  of 
protection  was  small.  Vitamin  A  acetate  appeared  to  promote  slight 
instability  of  oils,  which,  however,  was  counteracted  to  an  appreciable 
extent  by  ethyl  gallate.  Rancidity  (as  detected  by  smell)  was,  however, 
not  promoted  appreciably  by  vitamin  A  acetate. 


Effect  of  adding  sesame  oil:  As  it  is  compulsory  to  add  sesame 
oil  to  vanaspati,  it  was  of  interest  to  examine  the  eflcct  of  adding  sesame 
oil  (crude,  refined  and  hydrogenated)  on  the  stability  of  added  vitamin  A 
in  vanaspati. 

The  initial  characteristics  of  the  o:l  samples  and  the  values  obtained 
after  storage  for  14  weeks  at  37°C.  are  given  in  Tables  12  and  13  respec¬ 
tively.  .  ,  .  . 

Addition  of  crude  and  hydrogenated  sesame  oil  stabilises  vitamin  A 
almost  to  the  same  extent  (Table  13)  ;  refined  sesame  oil,  however,  is  not 
affected.  As  observed  earlier,  vitamin  A  itself  tends  to  increase  the  pei  oxide 
value  of  oils,  which  is  counteracted  to  some,  extent  by  ethyl  gallate. 

Stability  of  vitamin  A  during  heating  and  cooking:  One  huncll ed 

grams  of  hydrogenated  groundnut  oil  (m.p.  . f  conUumr*  30 

per  cent),  was  heated  [with  periodic  gentle  shaking)  in  an  open  pyrex 
beaker  on  an  oil  bath  at  different  temperatures  and  for  different  periods 

Samples  were  withdrawn  at  intervals,  cooled  rapidly  and  analysed  for 
Sample.  Cookintr  experiments  were  carried  out  in  a  small 

rs.- S«:,  s  sm  s>  xsizzts 

preparations ^nd ^e^ou’left  o"vei  have  been  determined  (Table  15). 
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Table  1 1— Stability  of  Vitamin  A  Acetate  in  Groundnut  Oils  with  and  without  Ethyl  Gallate 
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E.G. — ethyl  gallate  *ml.  N/500  thio.  g.  fat 

t  V.S.— very  slight  rancidity  ;  S— slight  rancidity  ;  R— appreciable  rancidity  ;  F— aroma  of  fresh  oil 


Table  12 — Characteristics  of  Sesame  Oils 


Oil 

Iod.  val. 

Peroxide  val.* 

Acid  val. 

Sap.  val. 

Crude  sesame 

111.8 

1.7 

2.70 

190.5 

Refined 

104.3 

3.7 

0.27 

188. 1 

Hydrogenated, 

m.p.  37° 

84.7 

0.0 

0.23 

187.0 

Hvdrogenated  groundnut, 
m.p.  37° 

G6.fi 

0.0 

0.27 

192.0 

♦ml.  N/500  thio./g.  fat 


Table  13— Stability  of  Vitamin  A  in  Vanaspati  with  addkp  Sesame  Oil 


Additive 

Peroxide  val.* 

- A- - - 

Vitamin  A  ( i.u.Jg .) 

A 

Rancidit 
^  after  14 

f 

Initial 

After  14 

Initial 

After  14 

weeks 

weeks 

weeks 

Crude  oil 

0.1 

3.1 

30 

12 

nil 

do  -}-E.G. 

0.1 

2.5 

30 

16 

slight 

Refined  oil 

0.2 

4.2 

30 

7 

do 

do  +  E.G. 

0.2 

2.8 

30 

11 

do 

Hardened  oil,  m.p.  37° 

nil 

2.5 

30 

11 

nil 

do  +  E.G. 

nil 

2.0 

30 

16 

slight 

E.G. —Ethyl  gallate 

♦ml. 

N/500  thio./g.  fat 

Table  14-Effect  of  Heating  on  Vitamin  A  in  Vanaspati 
[Initial  cone,  of  vitamin  A,  30  i.u./g.) 


Heating 

time 

min. 

2 

5 

2 

5 

2 

5 

2 

5 


Vitamin  A  after  beating 


Loss,  % 


°C. 

i-u.jg. 

Without  1 

LG.  With  E.G. 

Without  E.G. 

With  E.G. 

110 

28 

30 

6.7 

0.0 

110 

20 

28 

33.3 

6.7 

150 

20 

27 

33.3 

10.0 

150 

15 

21 

50.0 

30.0 

200 

17 

24 

42.3 

20.0 

200 

10 

14 

66.7 

52.3 

250 

9 

15 

70.0 

50.0 

s 

9 

100.0 

70.0 

250 

0 

E.G.— Ethyl  gallate 
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Table  15 — Loss  of  Vitamin  A  During  Cooking 


Prepared 

food 

Initial 

temp. 

C°. 

Vitamin  A 
before  cooking 
i.u./g. 

-A - 

Vitamin  A  in 
prepared  food 
i.u./g. 

_ 

Vitamin  A  in 
cooked  oil 
i.u./g. 

X  . 

Loss, 

0/ 

/ 0 

Without 

E.G. 

With 

E.G. 

Without 

E.G. 

With 

E.G. 

f 

Without 

E.G. 

With 

E.G. 

r —  —  — 

Without 

E.G. 

With 

E.G. 

Luc  hi* 

200 

9000 

9000 

13G0 

1570 

G9I0 

7550 

19.0 

10.5 

Ilciluaj 

200 

900 

900 

G40 

700 

•  . 

,  . 

29.0 

13.3 

Potato 

chipsj 

200 

900 

900 

320 

375 

400 

440 

20.0 

9.5 

*  J'lour  + water +oil  (5:2:1)  made  into  dough;  25  g. 
I"  30  g.+sugar,  25  g.  -{-oil,  30  g. -f- water 
%  Shoes  (1  in. X  1  in.  x  1/16  in.):  30  g. 

E.C. — Ethyl  gallatc  8 


made  into  discs  of  4  in.  diam. 


Table  16— Vitamin  A  Content  Peroxide 

3  Months’ 

:  and  Acid  Values 
Storage 

OF  Van  AS  TATI  AFTER 

(I  anaspali,  m.p .,  37  ,  tod.  val .,  66.3]  acid  val.,  0.30]  peroxide  value,  0) 

^  ib  A  Peroxide 

Acid 

Hydrogenated 
groundnut  oil 

i.u./g. 

val.* 

val. 

do  +10.6  i.u./g.  of  vit.  A 

do  +  do  + 

•  • 

5.9 

0.42 

2 

6.2 

0.43 

E.G.,  0.01% 

2 

2.0 

0.41 

do  +  30  i.u./g.  of  vit.  A 

do  +  do  -j_ 

E.G.,  0.01% 

12 

7.1 

0.43 

1  J. 

1.9 

0.42 

do  +  100  i.u./g.  of  vit.  A 

do  +  do  .[_ 

49 

7.3 

0.47 

E.G.,  0.01% 

nil.  N/500  thio./g.  fat  £  q _ 

50 

Ethyl  gallatc 

1.7 

0.44 

Eth  dhC  hifhCr  tIlC  ^mperaturc/uie  g^ater^as^f <  r  JhC  dul?tion  °f  bating 
and' cooking?  ailordcd  Protection  to  vitamin  A 

tabxhty  of  Vamtin  in  Groundnut  Oils 
Stability  on  storage-  pn,.-  i  , 

ortmsht  and  ~  2  ~  a 
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Table  17 — 


•Vitamin  A  Content  Peroxide  and  Acid  Values  of  Vanaspati  after 
5  Months’  Storage 

(1  'anaspati :  iod.  val.,  64.5  ;  peroxide  val.,  0.7  ;  acid  val.,  031 ; 
sap.  val.,  191.2 ,  m.p.,  37°C.) 


Vitamin  A 
i.u./g. 


Peroxide 

value* 


Acid 

value 


f - - 

K - 

( — - - 

Vs— - 

f - " 

\ - t, 

Vanaspati 

Initial 

Aftc 

storage 

Initial 

0.7 

After 

storage 

5. 1 

Initial 

0.31 

After 

storage 

0.44 

do 

-P  Vanilin 

(«) 

30.0 

9.9 

0.7 

4.0 

0.31 

0.41 

w 

10.0 

4.5 

0.7 

4.0 

0.31 

0.40 

V  anaspati 

-P  Vanilin 

(«) 

-p  L.O. 

30.0 

10.0 

0.7 

1.4 

0.31 

0.40 

(*) 

10.0 

5.0 

0.7 

1 .4 

0.31 

0.45 

Vanaspati 

-P  Vanitin 

(«)• 

+  P.G. 

30.0 

0.8 

0.7 

1.4 

0.31 

0.50 

(b) 

10.0 

4.5 

0.7 

0.0 

0.31 

0.52 

Vanaspati 

-p  Vanitin 

(<0 

-p  NDGA 

30.0 

13.0 

0.7 

1.0 

0.31 

0.43 

(!>) 

10.0 

4.1 

0.7 

1.1 

0.31 

0.30 

Vanaspati 

-p  Vanitin 

(«) 

-P  Tcnox  11 

30.0 

10.3 

0.7 

3.2 

0.31 

0.47 

(b) 

10.0 

3.7 

0.7 

4.3 

0.31 

0.42 

V  anaspati 

-P  Vanitin 

(a) 

+  BHA 

30.0 

10.5 

0.7 

4.3 

0.31 

0.48 

(b) 

10.0 

5.0 

0.7 

4.0 

0.31 

0.40 

E.G.- 

-Ethyl  gallate  ;  P.G-Propyl  gallalc;  MIA-Butylatcd  hydroxy  amsolc  i 
^  °  vnr’A  KMirlilivdioeuairclic  acid 

rate  of  destruction  of  vitamin  A  slowed  down 

containeef^ome  -tuples  had  a  rancid  odour 

antioxidants  along  w.th  Vatutin  ^  - ud ,oose.covcr  tins. 

Vanilin  and  antioxidant  'v“  !“*“!  fter  thc  storage  period  arc  given 

Ai.Pwm  hesaecn  horn  "its,  that  the  rate  of  destruction 
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Table  18 — Stability  of  Vanitin  and  Vitamin  A  Acetate  in  Vanaspati 

after  5  Months’  Storage 


( Vanaspati :  iod  val.,  09.0 ;  peroxide  val.,  0.1 ;  acidval.,  0.05',  sap.  val.,  191.0 ; 
m.p.,  37  C.;  sesame  oil.  5%  ;  temp,  oj  storage,  37°  ;  Initial  cone,  of  vitamin  A,  30  i.u./g.; 
Initial  peroxide  val.,  0.1) 


Additive  \  itamin  A  (i.u./g.)  Peroxide  value* 

after  storage  after  storage 


Vanitin 

25 

0.4 

do  -f  13HA  (0.01%) 

26 

0.3 

do  +  E.G.  (0.01%) 

26 

0.3 

Vitamin  A  acetate 

23 

0.7 

do  +  MIA  (0.01%) 

26 

0.3 

do  +  E.G.  (0.01%) 

25 

0.4 

E.G. — Ethyl  gallate;  BHA- 
*  ml.  N/500  thio./g.  fat 

— Butylated  hydroxy  anisolc 

Table 

Antioxidant 

nil 

E.G. 

nil 

E.G. 

nil 

E.G. 

nil 

E.G. 

nil 

E.G. 

nil 

E.G. 

nil 

E.G. 

nil 

E.G. 


19  Effect  of  Heating  on  Vanaspati  Containing  Vanitin 
( Vitamin  A  from  Vanitin,  10.0  i.u./g.) 


Time  of 

Temp. 

Vitamin  A 

Loss 

heating 

min. 

°C. 

after  heating 
i.u./g. 

0/ 

/o 

2 

110 

10 

5.C 

2 

110 

10 

*6.6 

5 

110 

8 

24.5 

5 

110 

8 

24.5 

2 

150 

8 

24.5 

2 

150 

9 

15.1 

5 

150 

6 

43.4 

5 

150 

6 

43.4 

2 

200 

7 

33.9 

2 

200 

7 

33.9 

5 

200 

ft 

J 

52.8 

5 

200 

6 

43.4 

2 

2 

250 

5 

52.8 

250 

n 

/ 

33.9 

5 

250 

0 

100.0 

5 

250 

t) 

81.1 

E.G. —Ethyl  gallate 


Table  20 — Loss  of  Vitamin  A  Dcring  Cooking 


X 

PC 


£ 


*r. 

si 


Q 


„5g 


£> 

$ 


<*«— 

''o' 


*f) 


O  < 

•51 

l-CQ 


(#< 


tc 

_c 

25 

o 

o 

O 


o 


CL 
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BHA — Butylatcd  hydroxy  anisolc 


Table  21 — Vitamin  A  Content  in 

Cooking  Medium 

at  Different  Stages 

Frying  Luchi 

Without  BHA 

With  BHA 

Before  frying 

29.3 

28.0 

After  first  batch 

19.5 

23.0 

After  second  batch 

15. G 

17.4 

After  third  batch 

11.6 

11.6 

BHA — Butylatcd  hydroxy  anisole 


of  vitamin  A  was  tJic  greatest  during  the  lirst  month  of  storage,  after  which 
the  late  gradually  fell  olf.  None  of  the  antioxidants  employed,  except 
NDGA,  helped  appreciably  in  protecting  vitamin  A  ;  the  protection  afforded 
by  NDGA  was  also  slight.  Apparently  the  antioxidants  present  in  Vanitin 
could  not  be  reinforced  appreciably  by  the  added  antioxidants  in  loose- 
cover  tins.  In  regard  to  peroxide  value,  ethyl  and  propyl  gallatcs  and 
NDGA  appeared  to  be  somewhat  more  effective  than  BHA  and  Tenox  II. 
None  of  the  samples  showed  a  rancid  odour  after  5  months’  storage. 


Stability  on  storage  in  scaled  tins:  The  methods  of  preparing 
the  samples  and  of  canning,  given  in  a  previous  publication31  were  followed. 
Hie  results  (Table  18)  show  that  the  destruction  of  vitamin  A  was  the 
greatest  during  the  lirst  month  of  storage,  and,  thereafter,  the  rate  of  des¬ 
truction  gradually  diminished.  The  protective  action  of  ethyl  gallatc  and 
BHA  was  marked  during  the  earlier  period  of  storage.  A  general  protec¬ 
tive  effect  of  the  antioxidants  was  observed  all  through.  The  loss  of 
vitamin  A  observed  after  the  first  month  included  what  probably  occurred 
during  the  process  of  canning.  In  general,  vitamin  A  of  Vanitin  was 
protected  better  than  vitamin  A  acetate  under  the  conditions  studied. 


Stability  during  heating  and  cooking :  Vanaspati  containing  Vanitin 

was  heated  m  a  pyrex  beaker  with  shaking  (but  without  stirring) 

at  a  temperature  of  110CC.  It  was  found  that  heating  for  a  short  time  did 

not  entail  any  significant  loss  of  vitamin  A  (Table  19);  heating  at  hHi 

temperatures  and  lor  longer  periods  of  time,  resulted  in  considerable  loss 

o  Vanitin*  Ltll>’l  gahatc  afforded  some  protection,  but  the  effect  was 
not  constant. 

were  nZareHn^1,!  f°°d,  P^ations-Irfi,  cake,  Halm  and  Parota 
beforcPa7,r:tercooki„)  mm  *  ““  *<“»“•  was  ^.ermined 

ibc  results  obtained  showed  (Tables  20  and  21)  that  there  », 
appreciable  loss  of  vitamin  A,  particularly  when  the  same  vanaspati  was 

some  protection*.11*^  ba‘d,e8  of  food'  BHA  offered,  however, 


PHYSIOLOGICAL  ^rrABIUT^OFCTHYL  GALLATE  AS  AN 

Standp^n? wef^  fntU>xid^  ‘he 
gicai  suitability  of  4,1 
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and  tile  results  obtained  have  already  been  published'*-'*  The 
results  have  been  summarised  below:  pumtsneo  .  1  lie 

mtheAdTseVri^ldr!.  To  range  of  possible  variations 

,  ,eS’  al.  S  number  of  sma11  groups  of  rats  were  used  at  different 
;  [hei  a^UtC  °ral  toxicity  do-  -as  determined  by  Limaffng 

I  his  end  point  is  less  affected  by  small  variations17  than  any  other. 

Albino  rats  (100-200  g.)  were  fasted  or  18  hr.  (water,  ad  lib)  and 

iaCf  -  n0  P  aced  in,a  SeParate  cage.  Samples  of  ethyl  gallatc  were  mixed  with 
distilled  water  under  heating,  pH  adjusted  to  6*8,  and  the  solution  fed  by 

a  "dppcd  arSe  hypodermic  injection  needle  in  doses  of  200-1,000 
mg .100  g.  body  wt.  After  that,  the  animals  were  permitted  to  subsist  on 
stock  diet  and  water,  and  kept  under  observation  for  7  days  or  until  death 
Six  rats  were  tested  at  each  dose.  A  dose  of  581  *2  mg.  per  100  g.  body 
weight  was  found  to  be  the  Median  Lethal  Dose  (LD~0)12. 


Chronic  toxicity  dose:  For  studying  chronic  toxicity  of  ethyl 
gallatc,  growth,  reproduction  and  general  appearance  of  albino  rats  and 
lactation  of  their  young  ones  were  studied.  Twenty  weanlings  from  the 
stock-breeding  colony  were  divided  into  2  groups,  each  group  containing 
10  animals — 5  male  and  5  female.  Each  animal  was  kept  in  a  separate 
cage.  They  were  put  on  a  diet  containing:  Crushed  wheat,  75  ;  baker’s 
yeast  powder,  4  ;  casein,  8  ;  cod  liver  oil,  2  ;  Steenbock  salt  mixture,  3  ; 
and  vanaspati  (m.p.  37°C.),  8  per  cent.  The  vanaspati  in  the  diet  of  one 
group  contained  no  ethyl  gallate,  and  that  of  the  other  contained  1  per 
cent  ethyl  gallatc.  This  large  dose  of  ethyl  gallate  was  selected  purposely 
instead  of  a  dose  of  0*005  per  cent  or  0*01  per  cent  which  has  been  used 
in  vanaspati  for  storage  experiments. 

After  10  weeks  on  the  experimental  diet,  the  rats  were  paired  for 
mating.  After  3  to  4  weeks,  when  signs  of  pregnancy  were  apparent; 
the  males  were  separated  from  the  females.  A  record  of  weekly  growth, 
young  ones  born,  their  number,  average  weight  and  length  after  birth  and 
survival  was  maintained. 


It  was  found  by  statistical  analysis  that  there  was  no  significant 
(at  5  per  cent  level)  difference  in  the  rate  of  growth  of  animals  (males 
and  females  were  separately  compared)  1  the  experimental  period  ol 
9  weeks  on  diet  with  and  without  ethyl  gallate. 

Regarding  reproduction,  comparable  fertility  was  observed  on  both 
diets.  The  mean  size  and  mean  weight  of  the  litters  at  birth  were 
comparable  irrespective  of  the  diets.  Thus,  no  difference  in  overall  reproduc¬ 
tion  performance  was  observed  in  the  animals  fed  with  the  two  diets. 

For  examining  lactation  performance,  the  number  of  young  born 
and  of  those  which  survived,  total  weight  of  the  young  after  birth,  total 
and  average  weight  and  length  of  the  surviving  young  after  21  days,  were 
recorded.  In  all  these  respects  the  performances  of  the  two  groups  with 
and  without  ethyl  gallate  were  comparable. 

Liver  function  test:  Robinson  and  co-workers18  found  that 
tannic  acid  (5-10  mg./kg.)  injected  intravenously  produced  considerable 
damage  to  the  liver.'’  Gallic  acid  being  a  degradation  product  of  tannic 
acid  might  also  produce  damage.  To  investigate  this  point  and  also  to 
extend  the  wrork  on  chronic  toxicity,  the  liver  function  ol  rats  taking  etln 
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(rallate  was  investigated.  Unger  el  <//.19  showed  that  the  ability  to 
maintain  a  normal  prothrombin  level  of  blood  is  a  function  of  the  liver 
which  is  apt  to  be  affected  before  other  functions  are  sufficiently  disturbed 
to  permit  clinical  detection.  They  also  claim  that  the  response  of  the  liver 
to  parenteral  administration  of  large  doses  of  vitamin  K  in  prothrombin 
production  is  a  sensitive  indicator  of  hepatic  function. 

One  ml.  of  blood  was  taken  by  heart  puncture  from  the  two  groups 
of  rats  (one  receiving  ethyl  gallate  and  the  other,  no  ethyl 
gallate)  from  the  chronic  toxicity  experiments,  with  a  2  ml.  syringe 
previously  rinsed  with  0.1  M  sodium  oxalate,  and  transferred  to  a  cooled, 
similarly  oxalate-treated  conical  centrifuge  tube.  0.1  ml.  of  oxalated 
plasma  was  transferred  to  a  pyrex  tube  (13 x  100  mm.)  by  means  of  a  0.2 
ml.  serological  pipette.  The  prothrombin  time  was  determined  by  the 
method  of  Quick20. 

After  the  normal  prothrombin  time  was  determined,  each  rat  was 
injected  daily  for  2  days  with  a  dose  of  100  pg  of  synthetic  vitamin  K 
(Synkavit  of  Hojjmann-La  liochc)  in  water  and  the  prothrombin  time  was 
determined  after  40  hr. 


1  he  ‘t  test  was  applied  to  the  prothrombin  time  of  both 
experimental  and  control  animals,  before  and  after  injection.  Before 
injection,  there  was  no  significant  difference  in  the  prothrombin  time. 
Also,  injection  of  vitamin  K  did  not  bring  about  any  significant  change 
in  the  test  or  in  control  animals,  showing  that  ethyl  gallate  did  not  produce 
any  liver  dysfunction  as  indicated  by  the  prothrombin  lest. 

Acute  toxicity  dose  of  oxidised  ethyl  gallate :  The  possibility 
cannot  lie  neglected  that  a  toxic  product  might  be  formed  when  an 
antioxidant  is  oxidised  in  the  com  sc  of  its  protective  action  on  fats 
Hence,  oxidised  ethyl  gallate  was  tested  for  its  acute  oral  toxicity. 

bdi\l  gallate  was  oxidised  by  blowing  air  at  room  temperature 
through  an  alkaline  solution  of  ethyl  gallate  in  water,  until  the  test  for 
ethyl  gallate  with  sodium-potassium  tartrate  and  ferrous  sulphate16  was 
negative.  4  he  solution  w^as  then  neutralised  and  administered  to  experi¬ 
mental  rats.  Of  the  graded  doses,  the  highest  one  used  was  250  mg  of 
oxidised  ethyl  gallate  per  100  g.  body  weight.  This  dose  appeared  to  just 
exceed  the  limit  of  innocuousness.  1  hough  this  was  not  absolutely 
h aimless,  none  of  the  animals  died  and  no  serious  toxic  signs  were  apparent 
Only,  the  mine  was  black  for  3  to  4  days  and  the  food  consumption  was 

u  u  h°\  fUSit  onn dayS  Reding  after  w  hich  it  was  normal  again  On 
the  othci  hand,  200  mg.  of  oxidised  ethyl  gallate  on-  inn  „•  i  7  *  •  . 

appeared  to  be  innocuous;  there  tva  s  no  blacL  h  100  «•  bodV.  "eight 
no  reduction  in  the  food  consumption.  Wackcmn«  ol  ,hc  u™‘<= 

Metabolism  of  ethvl  eallatr  •  i..  ■ 

after  a  long  period  of  feeding  of  ethvl  KalUte  in°  "n  °Ut  Whcther’ 
there  was  any  accumulation  of  ethyl  gallate  l all-m<‘  concentrations, 

Ss;  rues  * 


mg 


Animals  from  the  rhmnir  t , . 

weeks  on  a  diet  containing  ethyl  vallate  C^I)J‘r,mcnts  vvcrc  kept  for  10 

vanaspati  which  constituted  8  per&  cent  of  th?  Sallate  in 

food  consumption  of  each  rat  to  be  10  g  the  dailv ‘ etl^"  n  the.daily 

0  5  ne  dai]y  ethyl  gallate  intake 
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b\  each  would  be  b  mg.  1  his  amount  or  its  fraction  was  chased  in  urine 
and  teces  (24  hr.),  liver,  brain,  kidney  and  thigh  muscle  to  see  how  ethyl 
gallate  was  disposed  of  in  the  body  and  if  there  was  any  cumulative  storage 
in  any  of  the  tissues. 

The  absence  of  accumulation  of  ethyl  gallate  in  tissues,  its  absence  in 
feces,  and  presence  (0.62  mg.)  in  urine  indicated  that  ethyl  gallate  was 
metabolised  quickly  to  smaller  fiagmcnts  or  might  have  formed  conjugates 
not  detectable  by  the  method  used16. 


Summary 


Straight-hardened  vanaspati  is  more  stable  than  blended  vanaspati. 
The  stability  is  roughly  correlated  with  the  linolein  content  of  straight- 
hardened  and  blended  vanaspati. 

In  respect  of  storage  in  closed  tins,  there  is  hardly  any  difference  in 
peroxide  value  of  vanaspati  made  from  hydrogenated  groundnut  oil  mixed 
with  hydrogenated  palm  oil  and  that  containing  no  palm  oil ;  whereas, 
the  acid  value  of  vanaspati  containing  hydrogenated  palm  oil  increases 
somewhat  more  rapidly  than  that  of  the  other.  In  loose-cover  tins, 
however,  the  peroxide  values  arc  lower  in  samples  containing  palm  oil, 
though  the  acid  values  arc  greater.  Vitamin  A  retention  is  slightly 
greater  in  samples  containing  hydrogenated  palm  oil  in  loose-cover  tins 
than  in  samples  containing  no  palm  oil. 


Among  vanaspati  samples  prepared  from  hydrogenated  groundnut 
oil  and  different  proportions  of  hydrogenated  linseed  oil,  the  peroxide 
and  acid  values  are  higher  in  samples  having  greater  proportions  of 
hydrogenated  linseed  oil  both  in  sealed  tins  and  in  loose-cover  tins. 
This  may  be  correlated  with  the  higher  iodine  values  of  the  samples. 
Samples  with  smaller  proportions  of  hydrogenated  linseed  oil  retained 
greater  proportions  of  vitamin  A. 

Among  the  samples  of  vanaspati  prepared  from  varying  proportions 
of  hydrogenated  groundnut  and  mustard  oils,  the  difference  in  respect  of 
peroxide  and  acid  values  is  not  very  marked  in  closed  tins.  In  loose-cover 
tins,  however,  the  peroxide  and  acid  values  are  higher  in  samples  contam- 
ina:  o-reater  proportions  of  hydrogenated  mustard  oil.  Samples  with 
smaller  proportions  of  hydrogenated  mrstard  oil  preserve  greater  piopoi- 

tions  of  vitamin  A. 

Crude  sesame  oil  stabilises  vanaspati  better  than  refined  sesame  oil 
or  refined  hvdrogenated  sesame  oil.  Besides,  it  gives  greater  colour 
intensity  in  the  Baudouin  test.  The  chromogemc  property  of  vanaspati 
containing  crude  sesame  oil  also  persists  for  longer  periods  of  stoiage. 
Cmde  sesame  oil  does  not  appear  to  affect  the  colour  taste  and  smell  of 
vanaspati  when  compared  with  refined  and  hydrogenated  sesame  o  . 

Among  the  crude  and  refined  groundnut  oils  and  Mended  and 
straight-hardened  vanaspati,  straight-hardened  vanaspati  plains  1 

SVltT”  Ediydgnateatidl  a'smalPbut^nificam 
promoted  by  vitamin  A  acetate. 
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Crude  and  hydrogenated  sesame  oils  do  not  make  any  difference  to 
the  stability  of  vitamin  A  in  vanaspati.  With  refined  sesame  oil,  the 
stability  of  vitamin  A  is  less.  Ethyl  gallate,  as  usual,  is  beneficial  in  all 
cases. 

The  rate  of  destruction,  in  storage  at  room  temperature,  of  vitamin  A 
acetate  and  Vanitin  ( Hoffamann-La  Roche)  used  for  enriching  vanaspati  is 
highest  during  the  first  fortnight,  after  which  the  rate  gradually  falls  off. 
During  storage  in  loose-cover  tins,  none  ol  the  antioxidants  added, 
namely,  ethyl  gallate,  propyl  gallate,  Tenox  II  and  BHA  improves 
the  stability  of  vitamin  A  of  Vanitin  used  for  enriching  vanaspati  except 
NDGA  which  appears  to  exert  a  slightly  protective  action. 

Storage  in  sealed  tins  at  37°C.  causes  marked  loss  of  vitamin  A  of 
Vanitin  and  vitamin  A  acetate  added  to  vanaspati  prepared  from  hydro¬ 
genated  groundnut  oil  at  the  end  of  the  first  month.  Both  BHA  and  ethyl 
gallate  have  some  protective  action  under  these  conditions. 

The  longer  the  time  and  the  higher  the  temperature  of  heating,  the 
greater  is  the  destruction  of  vitamin  A  in  vanaspati  containing  vitamin  A 
acetate.  Some  protection  to  vitamin  A  is  afforded  by  ethyl  gallate  under 
these  conditions  also,  as  observed  during  the  cooking  of  some  preparations, 
viz.,  halua,  potato  chips  and  puris. 

During  heating  of  vanaspati  enriched  with  Vanitin,  loss  of  vitamin  A 
is  n°t  very  great  at  110°C.,  but  a  loss  of  50  to  100  per  cent  may  occur  at 
250C,C.  Ethyl  gallate  affords  some  protection. 

In  the  course  of  cooking  food  preparations  using  vanaspati  enriched 
with  Vanitin,  a  loss  of  vitamin  A  (from  15.8  to  33.4  per  cent)  has  been 
observed.  The  loss  may  be  considerable  when  the  same  oil  is  again  used 
for  frying.  BHA  offers  some  protection. 

For  the  determination  of  physiological  suitability  of  ethyl  gallate  as 
an  antioxidant  the  acute  toxicity  dose  of  ethyl  gallate  was  determined. 

mnn°,raonnSe  °u  '2  T  L"  100  *  l>ody  we«>«  of  albino  rats  weighing 
0  t0  200  S-  has  been  found  to  lie  the  median  lethal  dose  LD50. 

For  chronic  toxicity  dose  determination  with  ethvl  gallate,  growth 
eproduction  and  lactation  in  rats  receiving  fairly  high  doses  of  ethvl 
gallate  daily  have  been  studied.  No  statistically'  significant  difference  is 
°k  ,ei  ved  ff1  the  growth  of  rats  maintained  on  diets  with  and  without  ethyl 
1  laC,a,i°n  a'C  ab°  ^  *e  presence 

constitutes"".  pe?  cen  "of 'th^d.Vt"', fl'Tr  \  VanasPa,i>  which 
show  any  difference  from  control  Vats.  d  f°''  funcllon  d°  "ot 

veight  of  rats  appears  to  just  exceed  the  limit  p  .  aie  Pei  100  g.  body 


_  ,  •  ,  .  c  ^  ^  “'s*  01  completely  oxidised  ethyl  gallate  ner  inn  1  j  ’ 
vveight  of  rats  appears  to  just  exceed  the  limit  „r;“  P  100  &•  body 
it  is  probably  not  completely  harmW  innocuousness.  Though 

serious  toxic  si“ns  annear  ■  ,  ™  ’  n0?c  °.f  ,hf  animals  die  and  no 

3  to  4  days  and  food  consumption  is  le's" 'for  the'T  ho'Vver>  black  for 
Any  dose  lower  than  this  innocuous  fuSt  lW0  cla>’s  of  fcfdinS- 

This  ifevident  from  ^the'resuhs^as  it  does  ^  Smallg  fraSmen,s  in  rats, 
absent  from  the  feces  ;  i,  is  present  in  * 
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II 

Isolation  and  Identification  of  Iso-Oleic  Acids 

M.  R.  Sub r aram 


Under  the  guidance  of  A.P.  Mahadevan  &  V.N.  Patvvardhan 
Nutrition  Research  Laboratories,  Coonoor 


Studies  on  the  toxicity  of  nickel  present  in  vanaspati  and  the  nutritive 
value  of  iso-oleic  acids1  in  hydrogenated  oils  have  revealed  that  the  small  am¬ 
ount  of  nickel  does  not  produce  any  toxic  symptoms  in  monkevs  and  that  the 
iso-oleic  acids  have  almost  the  same  nutritive  value  as  the  nutritive  value 
of  oleic  acid.  Alter  it  had  thus  been  unequivocally  proved  that 
vanaspati  is  not  harmful  for  human  consumption,  attention  was  directed 
towards  the  isolation  and  identification  of  the  iso-oleic  acids  of  vanaspati 
ant  some  natural  fats.  In  the  present  investigation,  the  isolation  of 

iT,  i'^T  USJ"8  ",'C  "'Ta  .adduct  melho<l  has  been  accomplished. 
I  lie  details  regarding  the  isolation  procedure  of  iso-oleic  acids  of  vanaspati 

and  beef  body  fat  are  described.  The  identification  of  iso-oleic  aciXof 
vanaspati  and  cow  butter  fat  has  been  carried  out  using  paper  chromato- 


1.  METHODS  OF  ISOLATION 

of  isomerides  c/oleic  acid^fnaniral  Tus''"  Ab|  """i  *°  S,K'"'  dlc  Presence 
claims  have  not  survived  the  sc'mtinv  of  nwt  Ugh  man>'  of  «1><-  earlier 
of  a  few  naturally  occurring  iso-oleic  acids  investlSatlon,  the  identity 

Petroselinic  acid  accompardesTileic1  and  ^016^ aTid^r0118^^  estabbshech 

m  the  seed  fats  of  the  family  Umbelliferae *  r*  a  maJ01,  component 
acid  was  observed  by  Bertrams  ;n  ,™°u  J  ae  *.  .  7>«tf-octadec-l  1-enoic 
body  fats  of  sheep  Jd  oxem^l"  7^0^  “  butter  and  the' 
enoid  acids  m  several  ruminant  and  non-rum  Lin  ^saturated  monoeth- 
leported  Apart  from  the  naturally  occurrrinJ1  ^  iaS  been  reCently 
eic  acids  have  been  obtained  by  various  chemV  a  number  of  iso- 

eic  acid  or  acids  related  to  it  The  mnet  •  1  a  leactlons  from  natural 
category  is  the  catalytic  hydrogenation^ Tf reacti?n  ia 

oils.  Hydrogenation  involves 
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oninIy  i“rS”  °f  u"sa*“rated  to  partially  or  fully  saturated 

ones.  When  the  process  of  hydrogenation  of  oils  is  arrested  before  the 
unsaturated  fat  has  been  completely  saturated  with  hydrogen,  as  is  done 
with  a  great  portion  of  the  fat  which  is  hydrogenated  commercially  for  the 
production  of  vanaspati,  certain  complications  become  evident  in  the 
reaction.  _  During  hydrogenation,  apart  from  the  production  of  saturated 
acids  by  simple  addition  of  hydrogen  at  the  double  bonds,  isomerisation  of 
some  of  the  unsaturated  fatty  radicals  ilso  takes  place.  The  so-called 
iso-oleic  acids  are  the  unsaturated  acids  w.uch  precipitate  with  the  saturated 
acid  fraction  in  the  Twitchell  lead  salt-alcohol  separation. 

.  .  The  most  commonly  employed  method  for  obtaining  a  fraction  rich 

in  iso-oleic  acids  from  fats,  such  as  vanaspati  or  beef  body  fat,  is  to  subject 
the  mixed  fatty  acids  (M.F.A.)  to  the  procedure  of  Twitchell5  for  the 
separation  of  ‘solid  and  ‘liquid’  acids  followed  by  Bertram3  separation  of 
solid  saturated  acids  from  solid  trans  unsaturated  acids.  The  former  is 
based  on  the  differences  in  the  solubilities  of  lead  salts  in  ethanol,  whereas 
the  latter  is  based  on  the  diflerences  in  the  same  property  of  mercuric  salts 
in  a  mixture  ol  methanol  and  glacial  acetic  acid.  Both  these  methods  are 
slow,  costly  and  not  particularly  efficient.  Though  the  modification 
suggested  by  Cocks,  Christian  and  Harding6  effects  a  greater  recovery 
of  the  trans  acids  than  the  original  Twitchell  process,  it  is  still  not  quanti¬ 
tative,  especially  if  the  trans  acids  are  present  in  small  quantities.  Belekar 
and  co-workers8  cite  in  addition  to  their  own  results  several  instances 
of  earlier  work  which  report  discrepancies  in  the  saturated  acid  content  of 
fats  as  determined  by  calculation  from  the  iodine  and  thiocyanogen  values 
and  by  the  lead  salt  separation  method.  Low  temperature  crystallization 
from  suitable  solvents  and  fractional  distillation  of  methyl  esters  have  not 
found  much  favour  for  the  segregation  of  the  iso-oleic  acid  fraction  from 
fats.  For  example,  Belekar  el  al.8  found  that  low  temperature  crystalli¬ 
zation  of  hydrogenated  fats  from  solvents  such  as  acetone  leads  to  the  even 
distribution  of  iso-oleic  acids  in  all  the  fractions.  Magar9  using  the  ester 
fractionation  method  for  determining  the  component  acids  of  vanaspati, 
could  not  isolate  a  fraction  rich  in  iso-oleic  acids. 

The  urea  adducts  of  fatty  acids  have  been  investigated  extensively 
for  the  segregation  of  the  component  acids  of  natural  fats  ;  the  various 
factors  governing  the  selectivity  of  the  formation  of  adducts  of  particular 
components  from  a  mixture  of  fatty  a<  ids  have  been  studied  and  well 
summarized  by  Ananth  Narayan  and  K-ulkarnfi6.  Among  unsaturated 
compounds,  conjugation  and  Irons  configuration  facilitate  adduct  formation 
compared  with  non-conjugation  and  cis  configuration. 

Mehta  and  co-workers11  have  applied  the  urea  adduct  technique, 
for  the  first  time,  for  the  fractionation  of  the  component  acids  ol  hydro¬ 
genated  fat.  By  the  stepwise  addition  of  urea  to  a  solution  of  fatty  acids 
in  ethanol,  they  effected  a  separation  of  several  fractions  of  progressively 
increasing  iodine  values  ;  however,  fractions  rich  in  iso-oleic  acids  have 
not  been  indicated  by  them.  For  obtaining  the  iso-oleic  acid  fraction, 
they  first  subjected  the  mixed  fatty  acids  to  a  lead  salt  separation  and  then 
subjected  the  ‘solid’  acids  to  fractionation  by  the  urea  adduct  method.  In 
our  earlier  investigations  on  the  composition  of  iso-oleic  acids  ol  lats,  the 
iso-oleic  acids  were  obtained  by  the  method  of  Bertram*.  In  the  present 
investigation,  the  urea  adduct  technique  has  been  compared  with  the 
usual  method  for  the  separation  of  fatty  acids  ol  hydrogenated  fat  and 

beef  bodv  fat. 
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Methanol  was  employed  as  the  solvent  and  a  process  ol  fractional 
crystallization  of  the  adducts  was  chosen  in  preference  either  to  the  stepwise 
addition  of  urea  to  the  solution  of  the  fatty  acids  or  to  repeatedly  subjecting 
the  different  acid  fractions  to  treatment  with  urea.  The  stability  of  urea 
adducts  in  methanol  solution  even  in  the  presence  of  a  small  amount  ol 
water,  suggested  that  repeated  crystallization  of  adducts  themselves  may 
prove  useful  thereby  avoiding  the  necessity  of  liberating  the  acids  in  the 
intermediate  stages  and  recombining  them  with  urea  under  varying 
conditions  of  concentration  and  molar  ratio  of  acids  and  urea. 


Experimental 


Materials 

The  methanol  used  in  these  experiments  was  of  the  best  com¬ 
mercially  available  cpiality  and  was  distilled  before  use.  Urea  (Merck), 
d’ied  in  vacuum  at  45°  for  4  hr.,  was  used  in  saturated  solution  in 
methanol.  The  sample  of  vanaspati  was  the  ‘Dalda’  brand  manufactured 
by  Hindus  Ian  Vanaspati  Manufacturing  Co.  Ltd.,  Bombay,  obtained  from 
the  local  bazaar;  the  mixed  fatty  acids  had  an  iodine  value,  71.0  and 
neutralization  equivalent,  288.9.  The  beef  body  fat  was  obtained  by 
heat-rendering  of  subcutaneous  tissue  from  the  abdominal  portion  of  ox 
collected  from  the  local  slaughter  house  ;  the  mixed  fatty  acids  had  iodine 
value,  36.4  and  neutralization  equivalent,  277.0. 


Procedure 

T.  he  pi  ocedurcs  adopted  for  the  isolation  of  iso-oleic  acids  from 
vanaspati  and  beef  body  fat  are  summarized  in  Charts  1  and  2  respectively. 

he  mixed  latty  acids  (1  part)  were  added  to  a  hot  solution  of  urea  (4  parts) 
in  methanol  (25  parts  w/v),  refluxed  for  a  few  minutes  and  allowed  to  stand 
for  12  hr.  at  room  temperature  (18°-20°).  The  crystalline  adducts 
separating  out  were  filtered  under  slight  suction  without  solvent  washing 
heed  from  solvent  under  vacuum  in  a  desiccator  and  their  weights  deterl 
mined.  I  he  rafhnate  was  concentrated  by  evaporating  off  a  specified 
poruon  of  the  solvent  and  the  concentrated  solution  allowed  to  stand  for 
M  ■  ,  at  r?01]1  temperature  when  a  further  crop  of  the  adducts  separated 
the  acidT  1S°  ated  as  before’  1  he  flltrate  was  reserved  for  the  liberation  of 

°Vel  sulphate  drf'd 

suited  loCtXsnaHAseap^,-o‘n  ^VcidT?,  ^ 

andVdal^u“1a^idn(?3™7UrAfte“alk,('7  V  in  m“.) 
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was  decomposed  with  13  ml.  of  concentrated  hydrochloric  acid  with  ice 
cooling,  and  the  unsaturated  acids  in  mixture  with  their  methyl  esters  were 
taken  up  in  ether.  The  ether  solution  was  washed  with  hydrochloric  acid 
and  water,  dried  and  ether  removed.  The  methyl  esters  were  saponified, 
and  the  acids  were  liberated  and  isolated  (7.66  g.;  iod.  val.  80.5).  In 
the  case  of  beef  body  fat,  the  acids  (12 .7  g.)  from  A,  (Chart  2)  were  subjected 
to  mercury  salt  separation  to  give  1 .5  g.  of  solid  unsaturated  acids  (iodine 
value,  72.8). 


Results  and  Discussion 

The  procedure  evolved  tends  to  isolate  the  saturated  acids  at  one 
end  and  the  unsaturated  liquid  acids  at  the  other.  The  solubilities  of  the 
urea  adducts  of  fatty  acids  resemble  those  of  the  lead  salts  ;  the  adducts  of 
the  'solid'  acids,  both  saturated  and  unsaturated,  are  less  soluble  in  methanol 
than  those  of  the  liquid  ones.  Among  the  solid  acids,  the  adducts  of  trans 
unsaturated  acids  are  more  soluble  than  those  of  saturated  ones  which 
are  the  least  soluble  in  methanol.  The  recrystallization  steps  employed 
in  the  case  of  vanaspati  and  beef  body  fat  differ  only  in  the  volume  of 
methanol  used,  larger  volumes  of  the  solvent  being  necessary  to  separate 
iso-oleic  acids  from  the  saturated  acid  fractions  in  the  case  of  vanaspati, 
which  is  richer  in  solid  unsaturated  acids  than  beef  body  fat.  Also,  since 
the  liquid  acid  fraction  is  more  in  beef  body  fat  than  in  vanaspati,  larger 
volumes  of  the  solvent  are  required  to  free  the  adducts  from  liquid  acids. 

The  solid  acid  fractions  A  and  B  (Chart  1),  iodine  values,  52.6 
(m.p.,  44°-470)  and  61.5  (m.p.,  31°-34°)  respectively  represented  35 
per  cent  of  the  total  mixed  fatty  acids.  The  corresponding  fraction  Ax 
(Chart  2)  from  beef  body  fat  had  an  iodine  value  of  16.2  and  amounted 
to  25.8  per  cent  of  the  total  acids.  These  figures  compare  somewhat 
favourably  with  the  yields  of  48.4  and  46.8  per  cent  of  the  ‘solid’  acids  with 
iodine  values  49.8  and  5.7  respectively,  obtained  from  the  mixed  fatty- 
acids  of  these  two  fats  by  Twitchell’s  procedure.  Since  a  large  number 
of  crystallization  steps  would  be  necessary  to  obtain  a  fraction  composed 
mostly  of  solid  unsaturated  acids,  the  final  enrichment  of  fractions  A  and  B 
from  vanaspati  and  Aj  from  beet  body  fat  was  effected  by  the  method  ot 
Bertram.  The  iso-oleic  acid  fractions  thus  obtained  in  oveiall  yields  oi 
17  0  per  cent  from  vanaspati  and  3.  )  per  cent  from  beef  body  fat  had 
iodine  values  of  81  .2  and  72.8  respectively.  The  iso-oleic  acid  fractions 
obtained  through  a  combination  of  the  methods  of  Twitchell  and  Bertram 
in  yields  of  19.7  per  cent  from  vanaspati  and  0.9  per  cent  from  beef  body 
fat  had  iodine  values  of  88.5  and  77.2  respectively.  The  yields  of  the 
final  fractions  of  comparable  iodine  value  obtained  by  the  present  method 
are  better  in  the  case  of  beef  body  fat  and  are  of  the  same  order  in  the  case 
of  vanaspati  in  comparison  with  their  yields  through  a  combination  of  the 

methods  of  Twitchell  and  Bertram. 

Since  the  final  fractions  obtained  are  solid  at  room  tempei  atm  e  and 
have  high  iodine  values,  they  are  probably  rich  in  trans  acids.  For  accurate 
estimations  of  the  proportions  of  cis  and  trans  isomers,  infra-red  studies  are 
necessary  and  they  are  being  undei  taken. 

2.  IDENTIFICATION  OF  ISO-OLEIC  ACIDS 

Vanaspati 

Hilditch  and  Vidyarthi“  found  that  hydrogenation  of  methyl  oleate 
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CHART  1 — Isolation  of  Iso-oleic  Acid  Fraction  from  Mixed  Fatty  Acids  of  Vanaspati 

Mixed  fatly  acids  of  \anaspati,  50  g. 

i  4  parts  urea-|-25  parts  methanol 
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CHART  2 _ Isolation  of  Iso-Oleic  Acid  Fraction  from  Mixed  Fatty  Acids  of  Reef  Rody  Fat 


30 


Ppt.,  acids  freed,  12.9  g.,  Filtrate,  acids  freed, 

(iod.  val.  16.2)  4.3  g.  (iod.  val.  61.2) 

A,  semi-solid 
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when  carried  out  to  reduce  the  iodine  value  by  about  30  per  cent  resulted 
in  the  formation  of  both  positional  and  geometrical  isomers.  They  found 
that,  in  addition  to  elaidic  acid,  both  A-6  and  A-10  octa-dccenoi c  acids 
are  produced  during  the  partial  hydrogenation  process.  No  study  has 
so  far  been  reported  on  the  nature  of  individual  isomers  present  in  the 
solid  iso-oleic  fraction  of  vanaspati  and  hence  the  present  study  was 
undertaken.  The  identification  of  isomers  of  oleic  acid  in  a  mixture  by 
separating  the  acids  themselves  is  difficult  to  accomplish.  As  an  alter¬ 
native,  the  acids  are  oxidised  and  the  oxidation  products  are  identified  by 
suitable  methods.  Among  the  most  commonly  employed  methods  for  the 
oxidation,  the  one  due  to  Armstrong  and  Hilditch18  modified  by  Begemann, 
Keppler  and  Boekenoogen14  appears  to  give  almost  quantitative  results. 
In  this  method,  the  fatty  acids  are  oxidised  by  potassium  permanganate 
in  acetic  acid.  As  a  result  of  this  oxidation,  a  mixture  of  mono-  and 
dicarboxylic  acids  results : 


CH3(CH2)CH  :GH(CH2)GOOH — *CH3  (CH2)  COOH  + 

HOOC(CH2)COOH 


The  position  of  the  double  bond  in  the  starting  material  can  be  deduced 
by  the  identification  of  the  resulting  acids.  Of  the  monocarboxylic  and 
the  dicarboxylic  acids,  the  former  seem  to  be  subject  to  secondary  decompo¬ 
sition,  while  the  latter  are  stable.  The  identification  of  the  dicarboxylic 
acids  is,  therefore,  preferred  for  establishing  the  presence  of  individual 
components  of  a  mixture  of  monoethenoid  acids.  For  the  separation  of  the 
components  of  a  mixture  of  dicarboxylic  acids,  the  classical  methods  of 
fi  actional  civstallisation  and  distillation12  are  too  cumbersome.  In  the 
paper  chromatographic  method  of  Reid  and  Lederer,^  small  quantities  of 
the  acid  mixture  can  be  used  and  therefore  this  method  was  chosen  for  the 

separation  of  the  mixture  of  dicarboxylic  acids  obtained  on  oxidation  of 
iso-oleic  acids  of  vanaspati. 

Whatman  No.  1  filter  paper  was  cut  into  squares  (12  in.  side') 
and  kept  in  an  atmosphere  of  ammonia  for  4  hr.  before  use.  The  acid 
mixture  was  spotted  as  its  ammonium  salts  (120  Mg.  in  20  Ml  )  side  bvside 
w.«h  a  mixture  of  synthetic  acids.  The  butanol  phase  of  ’  *  Xaken 

0.085;  azelaic  0  14-  sebarir  0  90  acids  we  e  as  follow  s  :  suberm 
canedioic  acid,  0.40.  ’  Fig  f  Resents’ ZeT!  ^  V*  >  and  <*ode- 
spotted  individually  and  in  mixture  It  can  b<  C£aiaftlon  of  synthetic  acids 
synthetic  acids  are  separated  into  five  sP0"s  tS  5T  ^  fl§T  that  the 
in  the  mixture  corresponded  to  thnsn  mi  •  R,  vaIues  of  the  acids 
spotted  individually.  Fio-  2a  shows  the '  C  .wl'cn  ,,1e  acids  were 

suberic,  azelaic,  sebacicf  undecan^ioic  anr^d0"  V-  mix,ure  <* 
g-  2b  Sh°WS  *he  —'a''0"  dicarboxylic  acidT^^^,^ 
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Fig.  1— Taper  chromatography  of  individual  acids  spotted  separately  (a-e) 

AND  MIXTURE  OP  SUBERIC,  AZELAIC,  SEBACIC,  UNDECANE DI01C  AND 
DODECANEDIOIC  ACIDS  (f) 


Fig.  2— Taper  chromatography  of  (a)  synthetic  acid  mixture,  (b)  dibasic  acids 

OF  VANASPATI,  (c)  VANASPATI  PLUS  C'jj  AND  (d)  VANASPATI  PLUS  Cj, 
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Fig.  3— Paper  chromatography  of  (a)  synthetic  agio  mixture 

AND  (b)  DIBASIC  ACIDS  OF  COW  BUTTER  FAT 


of  iso-oleic  acids  ol  vanaspati.  1  his  shows  that  dicarboxylic  acids  from 
suberic  to  dodecanedioic  acids  are  present  in  the  dicarboxylic  acid  mixture 
thereby  indicating  the  presence  of  /1~9,  A“10,  A-11  and  A-i* 

octadecenoic  acids  in  the  hydrogenated  fat  sample.’  Figs.  2c  and  2d 
show  the  separation  ol  dicarboxylic  acid  mixture  from  vanaspati  with 
added  undecanedioic  and  dodecanedioic  acids  respectively.  Here  tIso 

the  ScPara.^d  ,in;°  fiye  fairly  "-ell  defined  spots  ;  the  spot  containing 

the  Cn  acid  intensified  the  fourth  spot  from  the  starting  line  and  the  one 
containing  C12  intensified  the  fifth  spot.  Thus,  using  the  intensification 
echnique,  the  positions  of  the  dicarboxylic  acids  were  confirmed. 

Cow  Butter  Fat 

Sirs  bc  « 

dicarboxylic  acids  obtained  on  oxidation  of  the  a  I XTatcd  m  'll  °! 
a  prehmmary  step,  it  teas  decided  to  start  with  Xe  mena  i  r  '  As 
cow  butter  lat.  Accordingly,  the  solid  fatty  acid  fra#  P  ?d  -r°m  PU1C 
cow  butter  fat  was  subjected  to  nZr,  obtained  from 

procedure  of  Bertram#.  The  solid  unsatur  iter^e^1  ntl0n  lollc|wing  the 
converted  into  their  methyl  esters  and  oxidised  in  thcVune  obtained  wcrc 
done  for  vanaspati.  Dicarboxylic  acids  \h-u  JZc  ?  manner  as  was 
to  paper  chromatography  as  described  before  "  V°lm^  \vcrc  subjected 

separation  of  the  dicarboxylic  acid  mixture  It  -  I8’  ^  ldust  rates  the 

edi^eren^  zf o°nTs 

graphic  identification  of  the  five  dicarh^l'c  acH^ead^  ,£  ctn^Sion 


33 


INVESTIGATIONS  ON  VAN  ASP  ATI 


requires  further  confirmation. 


3.  QUANTITATIVE  ESTIMATI  >N  OF  ISO-OLEIC  ACIDS 

The  chromatographic  method,  while  establishing  the  presence  of 
various  octadecenoic.  acids  in  butter  fat  and  vanaspati,  is  not  helpful  in  the 
quantitative  estimation  of  iso-oleic  acids.  Moreover,  the  lack  of  sharpness 
of  the  outline  of  spots  and  their  transient  nature  preclude  even  a  rough 
estimation  of  the  quantitative  composition  of  the  mixture.  In  order  to 
separate  the  dicarboxylic  acids  individually  and  to  identify  them  by  the 
preparation  of  suitable  derivatives,  it  is  necessary  to  use  materials  in  amounts 
larger  than  are  used  normally  for  paper  chromatography.  Hence  the 
desirability  of  a  chromatographic  separation  of  dicarboxylic  acids  on  a 
column  became  evident.  Another  point  to  be  considered  in  the  quanti- 
titive  estimation  of  dicarboxylic  acids  is  the  disruptive  oxidation  of  iso- 
oleic  acids.  Begemann  el  al.u  suggested  some  modification  in  the  disruptive 
oxidation  technique  and  used  acetic  acid  as  solvent  instead  of  acetone. 
On  oxidation  using  acetic  acid,  nearly  90  per  cent  of  the  dicarboxylic  acids 
can  be  recovered  by  analysis.  It  is  desirable  to  effect  the  separation  of 
dicarboxylic  acids  even  in  the  presence,  in  the  mixture,  of  small  amounts 
of  monocarboxylic  acids.  For,  in  the  analysis  of  oxidation  products  of 
ijo-oleic  acids,  the  method  employed14  to  separate  monocarboxylic  acids 
from  dicarboxylic  acids  is  to  extract  the  oxidation  products  repeatedly  with 
hot  petroleum  ether.  Such  a  leaching  out  procedure  is  apt  to  remove  some 
of  the  dicarboxylic  acids  as  well  and  the  proportionate  loss  of  minor 
constituents  of  the  mixture  may  often  be  quite  significant.  If  the 
dicarboxylic  acids  could  be  separated  and  estimated  even  in  the  presence 
of  small  amounts  of  monocarboxylic  acids,  the  number  of  extractions  of 
the  oxidised  mixture  with  petroleum  ether  could  be  minimised  and  the 
results  obtained  would  represent  a  truer  picture  of  the  original  composition 
of  the  dicarboxylic  acids  and  consequen'  ly  of  the  iso-oleic  acid  fraction. 

Preliminary  experiments  indicated  that  buffered  columns  used  by 
Klenk  and  Bongard16,  Vandenheuvel  and  Hayes17,  and  Higuchi,  Hill  and 
Corcoran18  were  not  effective  in  the  facile  sepaiation  of  a  mixtuie  ol 


dicarboxylic  acids  ranging  from  suberic  to  dodecanedioic  acids.  The 


method  employed  by  Begemann  el  al.u  for  the  elucidation  of  the  structures 
of  monoethenoid  acids  effects  a  quantitative  separation  of  dicarboxylic 
acids  but  suffers  from  the  disadvantage  that  large  quantities  of  the  mixture 
cannot  be  separated.  A  method  which  allows  the  separation  of  a  mixture 
of  acids  up  to  100  mg.  has  been  developed  in  the  present  investigation. 

Outline  of  the  method :  Silica  gel  serves  as  the  inert  support  in  the 


present  method  of  partition  chromatography  of  the  acids  rlle  aqueous 
layer  of  a  well  shaken  mixture  of  3  parts  by  volume  of  ethanol,  4  parts 
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Fig.  4— Chromatographic  run  of  a  mixture  of  sebacic,  azelaic  and  suberic  acids 

IN  KNOWN  PROPORTIONS 


volume  of  alkali  consumed  against  the  number  of  fractions  shows  that  the 
acids  are  eluted  at  well  defined  intervals  and  in  the  decreasing  order  of  their 
C-chain  lengths.  It  is  apparent  that  the  volume  of  alkali  needed  to 
neutialise  each  of  the  bands  is  also  a  quantitative  measure  of  the  acid 
comprising  it.  Further,  concentration  of  eluent  fractions  which  have  been 
thus  neutralised  yields  a  solution  of  the  sodium  salt  of  the  respective  acids 
from  which  the  acid  itself  can  be  liberated  by  acidification.  The  solution 
can  be  directly  used  for  the  preparation  of  derivatives  by  treatment  with 
leagents  such  as  />-bromophenacvl  bromide. 


Separation  of  the  components  of  synthetic  acid  mixtures:  With 

acidsVVm;S!andardiSe  Ule  ™eihod  for  the  separation  of  dicarboxylic 
acids,  a  mixture  comprising  known  amounts  of  sebacic,  azelaic  and  suberic 

ond  FWaSi  S ubmit!ed  chromat°graphy.  The  results  given  in  Table  1 

fn  thS'well  'he  “mP°"entS  ‘>f  ‘he  mixture  weredearly  se  patted 

,  f  nil  r  e  defin^d  peaks.  1  he  recoveries  of  acids  (based  on  the  volume 

may  be  addedThft  ^  reSPective  P«ks>  «®e  quite  satisfac'on  T 
The  order  lfd  i  ,  con(.s,st"lt  recoveries  were  obtained  in  repeated  t  uns 
isolation  Of  e, I  rn  °  naCKls  and  ,heir  ^entities  "ere  continued  by  the 

the  following  melting  point  sebacIc  TsS  C  add  mixlure  had 

107-108”  (literature  108”  t  ’  l-“  3fL(1‘,terature>  134”)  ;  azelaic, 

and  azelaic  acids  thus  obtained  had  thTfXwing 
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I  able  1  Separation  or  Acids  from  Synthetic  Acid  Mixture 


{Length  of  column,  53  cm.  ;  wt.  of  silica  gel,  15  g.  ;  wt.  of  mixture.  30.6  mg.) 


Acid 

Fraction 

Alkali 

(0.030N) 

consumed 

ml. 

Recovery 

mg. 

O' 

A> 

Scbacic 

18-40 

3.08 

11.52 

102.9 

Azclaic 

42-77 

3.22 

8.92 

103.7 

Suberic 

78-117 

4.23 

10.85 

100.5 

Table  2 — Separation 

or  Acids  from  a  Mixture  of  Dicarboxylic  Acids  with 
added  Palmitic  Acid 

( Length  of  column,  30 

.  S  cm.  ;  wt.  of  silica  gel,  55  g.  ;  vol.  of  neutral  eluale,  15  ml.) 

Acid 

Fraction 

Alkali 

(0.033N) 

consumed 

ml. 

Recovery 

mg. 

0/ 

/o 

Palmitic 

7-40 

2.94 

24.79 

116.6 

Scbacic 

82-141 

8. 10 

26.94 

91.0 

Azelaic 

142-167 

10.93 

33.90 

100.7 

Suberic 

108-203 

11.63 

33.20 

99.7 

acid  derivative,  145- 

146°  (literature. 

,  147°)  ;  and 

azelaic 

acid  derivative, 

130-131°  (literature,  131°). 

The  results  of  attempts  to  separate  the  dicarboxylic.  acids  in  the 
presence  of  monocarboxylic  acids  have  proved  to  be  of  great  value.  Fig.  5 
(Table  2)  depicts  the  results  obtained  with  a  mixture  of  known  composition. 
File  mixture  was  made  up  of  known  amounts  ofsebacic,  azclaic  and  suberic 
acids  with  commercial  grade  palmitic  acid.  It  will  be  seen  from  Iig.  5 
that  the  monocarboxylic  acids  are  eluted  ahead  of  the  dicarboxylic  acids 
in  a  single  peak.  Experiments  with  a  mixture  of  scbacic,  azelaic,  suberic, 
palmitic,  stearic  and  lauric  acids  support  this  observation.  I  he  rather  high 
recoveries  in  the  case  of  monocarboxylic  acids  may  pci  haps  find  an 
explanation  in  the  presence  of  certain  unspecified  impurities  in  commercial 
samples.  However,  the  results  show  conclusively  that  for  the  assay  oi 
dicarboxylic  acids,  complete  removal  of  monocarboxylic  acids  hom  the 

mixture  is  not  essential.  . 

As  stated  earlier,  the  dicarboxylic  acids  arc  foimed  in  conjunction 
with  monocarboxylic  acids  on  the  oxidation  of  iso-oleic  acids.  As  the 
present  method  of  assay  enables  a  quantitative  determination  of  dicai- 
boxylic  acids  to  be  made  even  in  the  presence  of  small  amounts  of  mono- 
carboxylic  acids,  it  is  well  adapted  for  the  quantitative  study  of  the  iso-oleic 
acid  fractions  of  fats. 


ISOLATION  &  IDENTIFICATION  OF  ISO-OLEIC  ACIDS 

Iso-olcic  acids  of  vanaspati :  Solid  iso-oleic  acids  arc  found  in 
vanaspati  to  the  extent  of  25-30  per  cent.  The  iso-olcic  acid  fraction 
has  been  separated  and  the  individual  components  have  been  qualitatively 
identified  by  paper  chromatography. 

For  the  quantitative  estimation  of  the  acids,  the  iso-olcic  acid  fraction 
was  isolated  from  a  sample  of  vanaspati  according  to  the  procedure  of 
Bertram3  and  then  oxidised  in  the  form  of  their  methyl  esters,  i  lie  mix¬ 
ture  of  dicarboxylic  acids  was  isolated  from  the  oxidation  products  accord¬ 
ing  to  the  procedure  of  Begemann  el  al .**  I  he  results  obtained  from  a 
representative  run  arc  : 

Weight  Iod.  val. 


Vanaspati 

100.0 

G5. 

.6 

Mixed  fatty  acids 

91  .0 

69. 

,0 

Solid  fatty  acids 

-14.0 

49. 

8 

Iso-olcic  acids 

19.7 

88. 

,5 

Methyl  esters  of  iso-oleic  acids 

IB. 5 

03. 

.0 

Dicarboxylic  acids  from  5.01  g.  of  the  ester 

3.01 

•  . 

Fig.  6  (Table  3)  represents  the  results  obtained  with  a  sample  of 
dicarboxylic  acids  from  vanaspati  and  Fig.  7  (Table  4)  gives  the  results 
obtained  with  the  sample  after  adding  a  known  amount  of  suberic  acid. 
It  will  be  seen  that  the  mixture  of  dicaiboxylic  acids  is  cleanly  separated 
into  five  acids,  ranging  from  suberic  to  dodccanedioic  acids,  confirming 
the  observation  made  earlier  using  paper  chromatographic  methods.  The 
quantitative  composition  of  the  mixture  is  given  in  Table  5. 
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Table  3  Dicarboxylic  Acids  in  Oxidation  Products  of  Vanaspati 

Iso-Oleic  Acids 


(Length  of  column ,  52  cm.  ;  wt.  of  silica  gel.  43.0  g.  ;  wt.  of  mixture,  85.0  mg. 

04.7%  ;  vol.  of  fractions'.  1-100,  1  ml.  ;  101-295,  3  ml.) 


recovery, 


Acid 

y 

Fraction 

Alkail 

(0.033N) 

consumed 

ml. 

Composition 

mg. 

Dodecanedioic 

10-54 

1.11 

4.26 

Undecanedioic 

56-103 

1.55 

5.58 

Sebacic 

114-174 

4.24 

15.22 

Azelaic 

175-231 

13.35 

46.46 

Suberic 

232-288 

1.95 

8.98 

Table  4 — Dicarboxylic  Acids  in  Oxidation  Products  of  Vanaspati  Iso-Oleic 

Acids  with  added  Suberic 

Acid 

(Length  of  column ,  53  cm.  : 

wt.  of  silica  gel,  41  g.  :  wt.  of  mixture,  74.4 

mg.  ;  wt.  of  suberic 

acid  added,  8.0  mg.  ;  recovery,  104.0 %  ;  vol.  of  fractions: 

1-150,  1  ml. 

;  151-250,  3  ml.) 

Acid 

Fraction 

Alkali 

Composition 

(0.034N) 

consumed 

mg. 

ml. 

Dodecanedioic 

8-48 

1.00 

4.43 

Undecanedioic 

49-91 

1.38 

5.74 

Sebacic 

97-141 

3.69 

14.35 

Azelaic 

151-187 

12.15 

43.97 

Suberic 

195-232 

5.13 

17.20 

Table  5  — Percentage 

Composition  of  Mixture  of  Dicarboxylic  Acids  from 

Vanaspati 

( Calculated  from  Figs.  6  and 

7) 

Acid 

From  Fig.  6 

From  Fig.  7 

0/ 

7o 

0/ 

/o 

Dodecanedioic 

5.7 

5.3 

Undecanedioic 

7.4 

6.9 

Sebacic 

18.6 

18.9 

Azelaic 

56.8 

57.7 

Suberic 

11.5 

11.2 
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NUMBER  OF  FRACTIONS 

Fig.  G— -Chromatographic  run  of  a  mixture  of  dicarboxytic  acids  obtained  on 

OXIDATION  OF  ISO-OLEIC  ACIDS  OF  VANASPATI 


Azclaic,  scbacic  and  suberic  acids  were  identified  after  recovery  and 
crystallisation  from  the  respective  fractions,  as  described  earlier.  Azelaic 
and  sebacic  acids  weie  further  characterised  by  the  preparation  of  their 
//-bi  omophenacvl  estcis.  from  the  fractions  pooled  together  from  a  numbei 
of  1  uns,  a  sample  of  the  Cn  acid  with  a  satisfactory  melting  point  was 
obtained  in  low  yield.  It  has  not  so  far  been  possible  to  isolate  the  C10 
acid  m  a  state  of  sufficient  purity. 

As  a  fairly  quantitative  separation  of  the  mixture  of  dicarboxvlic 
aculs  could  be  achieved  by  the  above  method,  it  should  be  possible  to 
quantitatively  estimate  the  different  iso-oleic  acids  present  in  vanaspati. 

It’X  XT  ’  'C  A  ,a"d  A"‘°  m°"°elhenoid  acids  predominate 
next  to  the  Dans  isomer  ol  oleic  acid,  viz.,  elaidic  acid.  This  is  in  con¬ 
formity  with  the  findings  of  Hilditch  and  Vidyarthi 12  If  it  is  assumed 

..  d  itiSisss,™  ;*  r  i~a » 

Iso-Oleic  Acids  in  Natural  Fats 

fats  hwceS1enncUedC1a°rlie1re  oniT*  °f  T™  ofoleic  acid  in  "“‘Ural 
derable  attention  in  recent  years  due  u,\\  vaccc.nic  ;u  kI  ,las  received  consi- 
acid  was  the  firs,  and 
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I'lO.  7— CHROMATOGRAPHIC  RUN  OF  A  MIXTURE  OF  DICARBOXYLIC  ACIDS  OBTAINED  ON 
OXIDATION  OF  ISO-OLEIC  ACIDS  OF  VANASPATI  WITH  ADDED  SUBERIC  ACID 


of  the  occurrence  of  a  /nwr-octadecenoic  acid.  Secondly,  one  of  the  earlier 
lepoits  19  on  the.  acid  had  attributed  certain  unique  growth  promoting 
properties  to  it. 

Bertram 5  isolated  the  acid  from  the  body  fats  of  sheep  and  oxen, 
and  from  butter  fat  in  very  small  quantities  (0.1-1  per  cent).  The 
vaccenic  acid  was  assigned  the  structural  formula  of  /ratw-octadec- 1 1  -enoic 
acid  for  the  following  reasons.  Ozonolysis  of  vaccenic  acid  and  oxidation 
of  the  aldehyde  and  aldehvdo  a  :id  thus  obtained  led  to  the 
formation  of  a  monocarboxylic  acid  and  a  dicarboxylic  acid,  m.p.  109°. 
The  dicarboxylic  acid  did  not  depress  the  melting  point  of  an  authentic 
specimen  of  nonanedicarboxylic  acid.  This  acid  established  the  presence 
of  the  double  bond  at  the  1 1  position  in  the  original  acid.  The  evidence 
in  favour  of  a  trans  configuration  was  the  melting  point  of  the  acid  and  its 
inability  to  be  transformed  to  the  higher  melting  acid  or  elaidic  form  by 
isomerising  agents.  Begemann  et  al.u  who  examined  chromatographic-ally 
the  dicarboxylic  acid  fraction  produced  by  the  oxidation  of  a  sample 
of  vaccenic  acid  from  butter  fat,  were  also  of  the  opinion  that  nonanedi¬ 
carboxylic  acid  was  obtained  exclusively  as  required  by  Bertram’s 
structure3. 

The  purity  of  vaccenic  acid  obtained  from  natural  sources  has  been 
questioned  by  several  workers.  Thus,  Gupta,  Hilditch,  Paul  and 
Shrivastava  *°  employed  potassium  permanganate  oxidation  of  vaccenic 
acid  in  acetone  solution  and  found  that  the  dicarboxylic  acid  fraction  result¬ 
ing  from  oxidation  was  a  difficultly  separable  mixture  with  an  indefinite 
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ISOLATION  &  IDENTIFICATION  OF  ISO*OLEIC  ACIDS 

melting  point.  They  isolated  a  small  quantity  of  nonanedicarboxyhc 
acid  only  in  one  instance.  Again,  by  distilling  the  monocarboxylic  acid 
produced  during  oxidation  through  a  fractionating  column,  they  observed 
consistent  evidence  for  the  presence  of  Ixith  w-heptanoic  and  n-octanoic 
acids.  Taking  all  these  experimental  data  into  consideration,  they 
suggested  that  vaccenic  acid  was  a  mixture  of  more  than  one  of  the 
higher  trans  ethenoic  fatty  acids.  Bumpus,  I  aylor  and  Strong”  connimed 
the  structure  of  synthetic  /ra«i-octadec- 1 1  *enoic  acid  by  degradation  and 
suggested  that  the  differences  in  the  X-ray  diffraction  properties  of  the 
synthetic  /ra/w-octadec-1 1-enoic  acid  and  natural  vaccenic  acid  were  due 
to  the  presence  of  isomeric  acids  in  the  natuial  material. 

Although  the  non-homogeneity  of  vaccenic  acid  isolated  from  natural 
sources  has  been  established  by  several  workers,  no  quantitative  data 
regarding  the  composition  of  the  solid  iso-oleic  acid  fraction  ol  butter  and 
beef  body  fats — two  of  the  reputedly  rich  sources  of  vaccenic  acid — are  as 


Table  6 — Dicarboxylic 

Acids  in  Oxidation 
Iso-Oleic  Acids 

Products  of 

Beef  Body  Fat 

(fYt.  of  silica  gel,  3-5  g. 

;  wt.  of  add  mixture,  86.8 

g.  ;  col.  of  neutral  elunte,  66  ml.) 

Acid 

Fraction 

Alkali 

(0.031N)R 

consumed 

ml. 

Composition 

mg. 

Tridecanedioic 

18-56 

4.21 

19.00 

Dodecanedioic 

57-70 

0.95 

4.86 

Undecanedioic 

71-110 

5.33 

21.33 

Scbacic 

112-131 

1.47 

5.51 

Azelaie 

132-156 

6.78 

23 . 66 

Suberic 

157-199 

2.06 

6 . 65 

Iabj.k  7  Dicarboxyuc  Acid  in  Oxidation  Products  of  Beef  Body  Fat 
Iso-Odeic  Acids  after  Petroleum  Ether  Treatment 


( Length  of  column,  48  cm. 

;  id.  of  silica  gel,  36  g.  ;  wt. 

of  acid  mixture, 

81.2  mg . 

vol.  of  neutral  eluaie,  SO  ml.) 

Acid 

Fraction 

Alkali 

Composition 

Ti  idecanedioic 

1-36 

(0.03  IN) 
consumed 
ml. 

3.87 

mg. 

14.43 

Dodecanedioic 

38-50 

1.07 

4.67 

Undecanedioic 

51-84 

6.84 

22.45 

Scbacic 

85-115 

1.96 

6.04 

Azelaie 

166-157 

7.96 

22.83 

Suberic 

158-180 

2.04 

5.42 

0 .90 
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Fig.  8 — Chromatographic  run  of  a  mixture  of  dicarboxylic  acids  obtained  on 

OXIDATION  OF  ISO-OLEIC  ACIDS  OF  BEEF  BODY  FAT 


vet  available.  The  quantitative  examination  of  the  trans  unsaturated 
acids  of  these  natural  fats,  employing  the  methods  described  earlier,  was, 
therefore,  undertaken. 

Beef  Body  Fat 

Solid  iso-oleic  acids  from  beef  body  fat  were  prepared  according 
to  Bertram’s  procedure3.  Thus,  from  1  00  g.  of  mixed  fatty  acids  of  beef 
body  fat  (iod.  val.,  29.37),  3.4  g.  of  solid  unsaturated  acids  (iod.  val., 
77.0)  were  obtained.  From  1.5  g.  of  acids,  1.33  g.  of  methyl  esters 
were  obtained.  This  on  oxidation  gave  0.75  g.  of  dicarboxylic  acids. 

Fig.  8  (Table  6)  depicts  the  results  of  the  chromatographic  lun  of  the 
mixture^of  dicarboxylic  acids  obtained  by  the  oxidation  of  the  iso-oleic 
acid  fraction  (iod.  val.,  77.0).  The  possibilities  of  the  acid  represented 
by  the  first  peak  being  an  impurity  of  monocarboxyl ic  acid  was 
ruled  out  by  the  fact  that  the  peak  was  also  obtained  aftei  the  mixture 
had  been  extracted  twice  with  petroleum  ether  (Fig.  9,  4  able  7).  lhe 
volume  of  neutral  eluate  collected  prior  to  the  appearance  of  the  peak  was 
also  more  than  that  in  the  case  of  monocarboxyhc  acids.  As  a  conin- 
matory  measure,  known  amounts  of  palmitic  and  suberic  acids  were  added 
to  the  mixture  of  dicarboxylic  acids  which  had  been  treated  with 
petroleum  ether  and  the  resultant  mixture  was  separated  in  the  column 
emploving  the  usual  conditions.  'Flic  addition  of  suberic  acid  incidentally 
confirmed  the  identities  of  the  dicarboxylic  acids.  1  he  results  obtained 
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NUMBER  Or  FRACTIONS 

Fig.  9— Chromatographic  run  of  a  mixture  of  dicarboxylic  acids 

OBTAINED  ON  OXIDATION  OF  ISO-OLF.IC  ACIDS  OF  BEEF  BODY  FAT,  AFTER 
PETROLEUM  ETHER  TREATMENT 


are  shown  in  Fig.  10  (Table  8).  It  will  be  seen  from  the  figure  that 
palmitic  acid  gets  eluted  as  a  distinct  peak  which  is  absent  in  W  9 
ased  on  the  composition  of  the  dicarboxylic  acid  mixture  as  computed 

net^cfuit^'  Th^'  rf<t°yery  nf_suberic  acid  (Fig.  10)  amounted  Tl  01  6 
pe  cent.  The  initial  peaks  in  Figs.  9  and  10  are,  therefore  to  be  ascribed 

A'9,  29.5  ;  A~®,  8.3  per  cent.  A  K  J  Pei  cent;  A  °,  6.9  per  cent; 

Cow  Butter  Fat 

same  manner  as  those  beef  ^od  v  flt^ Th ^7  fatrYere  isolated  in  die 
acids  (iod.  val.,  34^)^  2  72  p  f’  IT  °18  §‘  °f  mixed  fattV 
val.,  76.8).  '  °,atecl  2*72  S-  of  solid  unsaturated  acids  (iod. 

fraction^ tow'buner0 faTgav^ th^chromato01  thc  iso‘°leic  acid 

S  Ve  the  chromatographic  pattern  depicted  in 
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INVESTIGATIONS  ON  VANASPATI 
Fig.  11  (Table  9).  The  first  neik  in  i?;„  n  • 

“  rmr:ft of 

petroleum  ether  (Fig.  12,  Table  10).  The  3  recover^ o'Ss '('pt  m 
is  somewhat  lower  than  usual,  because  of  1  S!  7™' 

amounts  of  dodeeanedioic  and  sebacic  acids  which  have  not  been  eluted 
uell  defined  peaks  have  not  been  taken  into  consideration.  Excluding 
A  “  and  A'10  octadecenoic  acids,  whxh  it  has  not  been  posdb  e  to 
estimate  with  any  reasonable  accuracy  the  composition  of  the  solid  ism 
oleic  acid  fraction  of  cow  butter  fat  as  computed  from  Fig.  1 1  is  as  follows  ■ 

17  4Cpe.n°cCentadS:  A~  ’  2°'5  Per  "nt;  A""  49'3  pet  cen,;  ancl 

The  results  of  studies  on  iso-oleic  acids  of  natural  fats  point  to  the 
conclusion  that  in  addition  to  inwi-octadec-1 1-enoic  acid,  other  irons  isomers 
of  oleic  acid  exist  in  cow  butter  and  beef  body  fats.  This  conclusion 
conflicts  with  the  views  of  Bertram  and  Begemann  el  al.  Jn  the  present 

^ •  i  ,  ^  i  •  i  .  ^  acids  were  prepared  under  condi¬ 

tions  almost  identical  to  those  of  Bertram*  and  yet,  the  dicarboxylic  acid 
traction  resulting  from  their  oxidation  was  not  restricted  to  the  presence  of 
undecanedioic  acid  alone.  It  is  likely  that  as  Begemann  et  al ,4 
worked  with  small  quantities,  the  minor  constituents  would  have 
missed  their  observation.  This  indirectly  brings  out  the  advantages  of 
working  with  larger  amounts  (100  mg.),  which  is  possible  under  the  experi¬ 
mental  conditions  followed  in  the  present  investigation.  The  results  of 
the  present  investigation  are  in  conformity  with  the  findings  of  Gupta  et 
air 0  and  Bumpus  et  al*1  and  definitely  establish  the  presence  of 
isomeric  trans  octadecenoic  acids  in  beef  body  and  cow  butter  fats  and  the 
fact  that  the  vaccenic  acid  obtained  from  natural  sources  is  not  a  homo¬ 
geneous  substance.  Of  the  octadecenoic  acids  identified  in  natural  fats, 


Table  8 — Dicarboxylic  Acids  in  Oxidation  Products  of  Beef  Body  Fat  Iso- 
Oleic  Acids  after  Petroleum  Ether  Treatment  with  added  Palmitic  and 

Suberic  Acids 

(. Length  of  column,  48  cm.  ;  wt.  of  silica  gel,  35  g.  ;  wt.  of  acid  mixture,  82.4  mg.;  wl.  of  added 
palmitic  acid,  2  mg.  ;  ivt.  of  added  suberic  acid,  11.6  mg.  ;  vol.  of  neutral  eluate ,  64  ml.) 


Acid 

Fraction 

Alkali 
(0.03  IN) 
consumed 
ml. 

Composition 

mg. 

Palmitic 

1-15 

1.59 

12.31 

Tridecanedioic 

16-40 

4. 13 

15.24 

Dodeeanedioic 

50-61 

1.01 

3.51 

Undecanedioic 

62-94 

6.85 

22.38 

Sebacic 

95-124 

1.84 

5.62 

Azelaic 

128-163 

9.05 

25.72 

Suberic 

164-188 

6.73 

17.71 
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Tig  10— Chromatographic  run  of  a  mixture  of  dicarboxylic  acids  obtained  on 

OXIDATION  OF  ISO-OLEIC  ACIDS  OF  BEEF  BODY  FAT  AFTER  PETROLEUM  ETIIFR  TREATMENT 
WITH  ADDED  PALMITIC  AND  SUBERIC  ACIDS 
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Fig.  12 — Chromatographic  run  op  a  mixture  of  dicarboxylic  acids 

OBTAINED  ON  OXIDATION  OF  ISO-OLEIC  ACIDS  OF  COW  BUTTFR  FAT,  AFTFR 
PETROLEUM  ETHER  TREATMENT 


i/m*-octadec-l  1-enoic  and  /m/2.y-octadec-10-enoic  acids  have  already 
been  identified20.  The  results  of  Swern,  Knight  and  Eddy22  would 
indicate  the  presence  of  bww-octadec-9-enoic  acid  in  some  natural 
fats.  These  acids  would  give  rise  to  undecanedioic,  sebaeic  and  azelaic 
acids  on  oxidation  with  potassium  permanganate.  The  C13  and 
dicarboxylic  acids  are  not  likely  to  be  deiived  from  the  naturally  occurr¬ 
ing  diethenoid  acids,  for  it  has  been  shown  that  the  diethenoid  acids  on 
oxidation  yield  only  azelaic  acid23.  Whether  they  can  be  so  derived 
from  Coo-C23  unsaturated  acids,  the  p  esence  of  which  in  butter  fat  has 
been  demonstrated  by  Shorland  and  Johanneson24,  is  not  cjuite  certain. 
The  present  evidence  would,  however,  point  to  the  positional  isomers  of 
octadecenoic  acids  being  the  possible  source  of  these  dicarboxylic  acids. 


Summary 


Fractions  rich  in  iso-oleic  acids  have  been  obtained  from  the  mixed 
fatty  acids  of  vanaspati  and  beef  body  tat  by  fractional  crystallisation  of 
the  urea  adducts  from  methanol.  The  enrichment  effected  compares 
favourably  with  that  resulting  from  lead  salt  separation.  In  order  to  keep 
the  crystallisation  steps  to  the  minimum,  the  mercuric  salt  fractionation 
was  used  for  the  separation  of  saturated  and  traps  unsaturated  acids. 

Paper  chromatography  of  a  mixture  of  dicarboxylic  acids  leads  to 
their  facile  separation.  The  method  has  been  employed  foi  the  study  of 
the  iso-oleic  acid  fraction  in  hydrogenated  fat  and  cow  butter  fat. 
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ISOLATION  &  IDENTIFICATION  OF  ISO-OLEIC  ACIDS 

Quantitative  separation  and  estimation  of  the  iso-oleic  acid  fractions 
of  vanaspati,  beef  body  and  cow  butter  fats  have  been  carried  out  employ¬ 
ing  partition  chromatography. 
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Ill 

Studies  in  the  Processing  and  Utilization  of  Cottonseed 
Oil  for  Edible  Purposes  with  a  Note  on  the  Composition, 
Properties  and  Nutritive  Value  of  Palm  Oil 

M.  Naeayana  Rao,  S.  Kuituswamy,  K.  Krishnamurthy,  D.S.  Bhatia, 

M.  S  WASH  NATHAN  &  V.  SUBRAHMANYAN 

Realising  the  need  for  exploring  the  possibility  of  extending  the 
use*  of  cottonseed  oil  for  edible  purposes  in  India,  the  Vanaspati  Research 
Advisory  Committee  ol  the  Council  oi  Scientific  &  Industrial  Research 
sanctioned  funds  lor  a  scheme  of  research  on  the  processing  and  utilization 
ol  cottonseed  oil  for  edible  purposes,  to  be  carried  out  at  the  Central  Food 
1  echnological  Research  Institute,  Mysore.  The  scheme  started  function¬ 
ing  in  May  1952  and  continued  for  a  period  of  about  5  years.  There  were 
occasional  breaks  due  to  change  of  personnel,  but  the  main  programme 
was  carried  out.  The  papers  which  follow  relate  to  a  substantial  part  of 
the  work  carried  out  at  Mysore  from  May  1952  to  Feb.  1957. 

An  extensive  programme  of  work  on  the  production  and  processing 
of  rice  oil  (also  known  as  rice  bran  oil)  was  also  carried  out  at  Mysore. 
Rice  oil  would  be  a  useful  raw  material  for  vanaspati  manufacture  if  oil 
of  good  quality  can  be  produced  in  sufficient  quantities.  As  this  woik  was 
not  done  exclusively  under  the  auspices  of  the  Vanaspati  Research  Advisory 
Committee ,  it  has  not  been  included  it  the  present  series.  Some  investi¬ 
gations  were  also  carried  out  on  the  utilization  of  low-fat  cottonseed  flour, 
but  as  they  arc  not  of  direct  interest  to  vanaspati  industry,  the  related 
papers  have  not  been  included. 


1.  COMPOSITION  OF  CERTAIN  VARIETIES  OF  COTTONSEED  AND 
REFINING  AND  BLEACHING  OF  CRUDE  COTTONSEED  OIL 

Crude  cottonseed  oil,  obtained  by  expressing  steamed  cottonseed 
kernels,  has  a  dark  brown  colour  and  contains  gossypol  which  is  toxic. 
Consequently,  unlike  groundnut,  coconut  and  gingelly  oils,  cottonseed 
oil  cannot  be  used  for  edible  purposes  without  preliminary  refining.  In 
any  programme  for  the  utilization  of  cottonseed  oil,  data  on  the  physical 
and  chemical  composition  of  cottonseeds  grown  in  the  country  should 
be  a  primary  requisite.  Hence,  a  study  of  the  chemical  composition  of 
nine  varieties  of  cottonseed  and  refining  and  bleaching  of  crude  cotton- 
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Table  1 — Proportion  of  Linter,  Hull  and  Kernel  in  Different  Cottonseeds 


Size 

Seed 

Linter 

Hull 

Kerntl 

Variety 

index 

g./lOO/g. 

% 

% 

% 

Lakshmi  (Gadag) 

Big 

0.47 

12.0 

30.2 

49.0 

Indore  No.  2  (Indore) 

Big 

0.G3 

13.0 

39.5 

46.7 

C  520  (Shahar) 

Big 

0.03 

13.0 

36.2 

50.0 

Kalyan  (Vighaon) 

Medium 

7.50 

12.0 

41.6 

46.4 

Vijaya  (Broach) 

Medium 

6.29 

11.5 

44. 1 

44.4 

Navapur  (W.  Khandesh) 

Small 

5.05 

10. 1 

43.2 

46.7 

Nander  (C.  Rly.) 

Small 

5.05 

10.6 

43.2 

46.2 

Malvi  No.  7  (Indore) 

Small 

4.96 

9.0 

43.2 

47.0 

Jfalgaon  (E.  Khandesh) 

Small 

4.03 

9.2 

44.4 

46.4 

American  varieties  in  USA* 

10-11 

11-17 

36-43 

44-52 

Table  2 — Moisture,  Protein 

and  Fat  Content  of  Cottonseed 

and  Seed- 

•KERNEL 

Variety 

Moisture. 

_ A _ 

0/ 

►  /o 

Protein,  % 
(Nx6.25) 

A. 

Fat  (ether  ex¬ 
tractives),  % 

r  ^ 

Whole  Kernel 

Whole  Kernel 

Whole 

Kernel 

seed 

seed 

seed 

Lakshmi  (Gadag) 

8.90 

6.7 

20.90 

33.1 

19.40 

35.2 

Indore  No.  2  (Indore) 

10.04 

7.8 

17.92 

29.2 

10.95 

33.2 

Kalyan  (Virghaon) 

9.96 

6.9 

16.87 

27.4 

16.50 

30.5 

C  520  (Shahar) 

6.70 

6.0 

17.65 

29.4 

10.30 

34.1 

Vijaya  (Broach) 

10.70 

7.9 

10.84 

30.2 

15. 15 

33.1 

Navapur  (W.  Khandesh) 

0. 10 

6.7 

17.52 

29.4 

13.95 

20.9 

Natider  (C.  Rly.) 

7.90 

6.2 

19.90 

32.9 

17.40 

32.  I 

Malvi  No.  7  (Indore) 

10.60 

7.0 

10.10 

32.5 

15.50 

30.6 

Jalgaon  (E.  Khandesh) 

7.70 

6. 1 

19.10 

32.1 

17.20 

32.6 

American  varieties  in  U.S.A.* 

6.7- 

7.9 

5.6- 

7.1 

20.0- 

23.0 

31.1- 

37.1 

18.0- 

29.0 

31.9- 

36.6 

SS'  Sir,ll,e  comp|cii“>  °f «« 

published1*2.  *  UC*1CS  011  Indian  cottonseed  were 
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Materials  and  Methods 

In  the  absence  of  a  delinting  machine,  the  seeds  were  delintrd  l>v 
means  of  a  rice  huller  (Batliboi  Ltd.,  Sun  Brand)  which  gave  satilctorv 
-u  ls-  .  FQ1  dehulhng  the  seeds  were  broken  in  a  disintegrator  (Christ* 

tfa;  was  sifted  fhrry  f  9niZC  V”-)  win8  12  mesh  and  the  broken 
inass  was  sifted  through  a  20  mesh  sieve.  Data  regarding  the  nronortion 

of  hnters,  hulls  and  kernels  in  different  varieties  arc  given  in  Table  1 

Whoie  cottonseed  and  kernels  were  analysed  for  moisture,  nitrogen 
and  fat  according  to  the  methods  of  the  Association  of  Official  Agricultural 
Chemists3.  The  results  are  summarized  in  Table  2. 


Refining  and  bleaching  of  cottonseed  oil:  Crude  cottonseed  oil 
obtained  by  expressing  steamed  cottonseed  kernels  was  dark  in  colour  and 
had  an  acid  value  of  2.5.  The  oil  was  degummed  by  washing  with  water 
to  lemove  the  impurities,  such  as  phosphatides  and  gummy  or  mucilaginous 
substances.  This  step  was  necessary  to  reduce  the  refining  loss.  The 
degummed  oil  was  refined  according  to  the  official  methods  of  the 
American  Oil  Chemists’  Society4.  For  re-refining  the  oil,  750  g.  of  the 
refined  oil  was  treated  with  6  ml.  of  25  per  cent  sodium  hydroxide  and 
was  agitated  at  1500  r.p.m.  at  50°C.  for  15  min.  After  standing 
overnight,  the  oil  was  decanted  and  washed  with  hot  water  until 
free  from  soap.  The  acid  values  of  refined  and  re-refined  cottonseed  oil 
were  0.15  and  0.05  respectively.  For  bleaching  the  refined  and  re-refined 
cottonseed  oil,  fuller’s  earth,  animal  charcoal  and  saw  dust  charcoal 
(prepared  in  the  laboratory  from  saw  dust  obtained  from  rosewood  after 
activation  with  zinc  chloride),  were  tried  at  various  levels.  The  procedure 
adopted  was  the  same  as  that  recommmended  by  A.O.C.S.4  After  bleach¬ 
ing,  the  oil  was  filtered  and  the  colour  of  the  oil  determined  by  a  Lovibond 
tintometer.  The  results  are  given  in  Table  3. 


Gossypol  content  of  cottonseed  and  cottonseed  oil :  The  effect  of 
genetic  and  environmental  factors  on  the  composition  of  cottonseed  and 
the  properties  of  lint  have  been  the  sub'ect  of  numerous  investigations5  6. 
Comparatively  less  attention  has  so  fai  been  paid  to  the  effect  of  These 
factors  on  the  gossypol  content  of  cottonseed  and  cottonseed  oil7.  A  major 
proportion  of  the  yellow  pigments  present  in  the  seed  and  the  crude  oil  is 
contributed  by  gossypol  which  is  a  toxic  principle8.  In  the  present  investi¬ 
gation,  the  gossypol  content  of  nine  varieties  of  Indian  cottonseed  and  the 
crude  oil  obtained  from  them  has  been  determined.  The  effect  of  refining 
on  the  gossypol  content  of  crude  cottonseed  oil  has  also  been  studied. 

The  kernel  from  whole  cottonseed  was  prepared  according  to  the 
procedure  already  described.  Crude  cottonseed  oil  was  obtained  by  steam¬ 
ing  the  kernels  for  half  an  hour  and  then  expressing  in  a  hydraulic  press 
under  a  pressure  of  1.5  tons  per  sq.  in.  The  crude  oil  was  refined  and 
re-refined  as  described  earlier.  The  free  gossypol  present  in  the  whole  seed, 
kernel  and  crude  and  refined  oils  was  estimated  according  to  the  proce¬ 
dure  of  Pons  and  Guthrie9  10,  using  pure  gossypol  (m.p.  184°C.)  prepared 
from  raw  cottonseed  kernels  as  standard  by  the  method  of  Murthy  el  alM 
The  results  are  given  in  Table  4. 
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Table  3— Colour  of  Refined  and  Re-rei  inkb  Cottonseed  Oil 

(Colour  in  Locibond  Scale,  1  cm.  cell ;  colour  of  untreated  oil :  refined,  10.0  11  <2? 
19.9  T;  re-refined ,  2.  211  &  S.01  ) 


Decolorizing  agent 

Refined 

- A - - - ^ 

t — 

Rc-rcfincd 
— - 

Red 

Yellow 

Red  Yellow 

Fuller’s  earth,  1% 

9.9 

15.5 

2.1 

7.0 

do  2% 

9.9 

15.5 

2.1 

6.0 

do  3% 

8.1 

14.4 

1.7 

5.0 

do  4% 

8.4 

14.4 

1.9 

6.0 

do  5% 

7.2 

12.2 

1.6 

5.0 

Animal  charcoal,  1% 

6.0 

13.0 

1.0 

6.0 

do  2% 

5.8 

10.0 

1.0 

5.0 

Fuller's  earth,  1%  +  animal  charcoal,  1% 

6.0 

10.0 

1.2 

6.0 

Fuller's  earth,  2%  4-animal  charcoal,  2% 

5.8 

9.0 

1.1 

5.0 

Sawdust  charcoal,  1% 

7.0 

14.4 

1.4 

5.0 

do  2% 

6.0 

13.3 

1.3 

5.0 

Fuller's  earth,  1%  -j-  sawdust  charcoal,  1% 

6.6 

15.2 

1.0 

5.1 

Fuller’s  earth,  2%  +  sawdust  charcoal,  2% 

5.5 

9.0 

1.0 

5.0 

Fuller’s  earth,  3%  4-  sawdust  chat  coal,  3% 

3.8 

9.6 

0.8 

3.8 

1  ABLE  4— GOSSYPOL  CONTENT  OF  COTTONSEED  AND  CRUDE  COTTONSEED  OlL 


Variety 

Lakshmi  (Cadag) 

Indore  No.  2  (Indore) 

C  230  (Sbahar) 

Kalyan  (Virghaon) 

Vijaya  (Broach) 

Navapur  (YV.  Khandcsh) 
Wander  (C.  Rly) 

A  falsi  No.  7  (Indore) 
Jdgaon  (E.  Khandcsh) 
American  varieties  in  U.S.A. 


Whole  seed 
o/ 


0.83 
0.80 
0.81 
0.91 
0.^2 
0.92 
0.73 
0.72 
0.81 
0.8-1. 5 


Kernel 


O' 

/o 


1.82 
1.72 
1.64 
2.32 
1.75 
2.35 
1.56 
1 .66 
2.22 
1.8-2. 6 


Crude  oil 

O' 


0.41 

0.42 

0.45 

0.47 

0.39 

0.45 

0.38 

0.42 

0.40 

0.4-0.48 
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investigations  on 


VAN  ASP  ATI 


Discussion 

coitonsecd  giown  hidiffcrclu  'llC  ?ine  vaiicties  of  Indian 

or  environmental  facto"  Fr^  th/ , "  w  ™y  bc.  fluS  “*  varietal  and / 

CMo'fsi1  VlC  vfuzzj  varieties>  Lokshmi  “(Gadag“  MoreNo  ^  and’ 

ernt'i  i  !1  §°SSypo1  c?ntell‘  of  Indian  cottonseed  is  low  (0*7-0-92  per 
ml’  u°TparcC  ft0  Egyp'ian  and  Sea  Island  varieties  (1- 9-3-0 
pc.  cent)  .  Refining  of  cottonseed  oil  completely  removes  the  gossypol 


2. 


DIGESTIBILITY  OF  CRUDE,  REFINED  AND  HYDROGENATED 

COTTONSEED  OIL 


j  addition  to  its  use  as  a  salad  oil,  cottonseed  oil  is  also 
liydiogenated  aud  used  in  the  preparation  of  shortening  and  margarine5. 
Although  a  large  amount  of  work  has  been  done  on  the  digestibility 
and  nu thrive  value  of  a  wide  variety  of  edible  oils12-15  little 
information  is  available  concerning  crude,  refined  and  hydrogenated 
cottonseed  oil.  The  present  paper  deals  with  studies  on  the  digestibility 
of  these  fats  as  compared  with  refined  groundnut  oil  and  cow’s  ghee. 


Experimental  Procedure  and  Results 

Materials:  Crude  cottonseed  oil  used  in  this  study  was  prepared 
as  follows  :  Healthy  cottonseeds  were  first  delinted  in  a  rice  huller  ( Balliboi 
Ltd.,  Sun  Brand)  and  then  broken  up  in  a  disintegrator  ( Christy  &  Norris 
Laboratory  mill,  size  8  in.)  using  a  12  mesh  sieve  and  the  broken  mass  was 
sifted  through  a  20  mesh  sieve.  The  kernels  thus  obtained  weie  steamed 
for  an  hour  and  expressed  in  a  hydrai  lie  press  under  a  pressure  of  1.25 
tons  per  sq.  in.  The  crude  cottonseed  oil  was  dark  brownish  in  colour 
and  had  an  acid  value  of  2.5. 

Refined  cottonseed  oil  was  prepared  by  refining  and  re-refining  the 
crude  oil  according  to  the  procedure  of  Narayana  Rao  and  Kuppuswamy16. 
Hydrogenated  cottonseed  oil  (m.p.  37°C.)  was  supplied  by  Hindustan 
Vanaspati  Manufacturing  Company.  A  sample  of  refined  groundnut  oil  was 
purchased  from  a  local  oil  mill.  A  genuine  sample  of  cow’s  ghee  (clarified 
butter  fat)  was  obtained  through  the  courtesy  of  the  Indian  Dairy  Research 
Institute,  Bangalore.  All  the  fats  and  oils  were  fresh  and  pure.  The 
physical  and  chemical  constants  of  the  fats  and  oils  were  determined 
according  to  A.O.A.C.  methods7.  The  results  are  given  in  Table  5. 

In  vitro  digestibility;  The  rates  of  digestion  of  the  different  fats  were 
studied  using  both  castorseed  and  pancreatic  lipases. 

The  castorseed  lipase  was  prepared  from  the  seeds  of  ( Ricinus  com¬ 
munis  Linn.)  by  the  method  of  Longnecker  and  Haley17.  The  procedure 
adopted' for  studying  the  in  vitro  digestibility  was  the  same  as  that  describ- 
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cJ  by  Dastur  and  Giri*.  The  relative  rates  of  hydrolysis  of  different  oils 
and  fats  arc  represented  graphically  in  Fig.  1 .  '  ,inercni  011s 

cording  to  the  procedure  of  VViUstaUcr  and ‘vVald!dnnidt  The 

tunc  on  incubation  at  37°C.  with  an  extract  of  the  at  VaUoVs  intervals  ol 
glycerol  was  determined  by  titration ’against  IV/ll^TT  m  .o0  Pcr  cent 
phthalein  as  indicator  after  the  addS  of  11  r  \  ^  Pheno1’ 
mixture  (5:1).  The  relative  rates  of  hydrolysis '  of  the°i°Ctf^ 

studied  are  represented  graphically  in  Fig.  2  V  y  hvc  fats 

In  vivo  digestibility:  The  digestibility  coefficients  nf  ,1  r  , 
determined  using  adult  rats  frrl  „  L  . fluents  ol  the  iats  were 

per  cent  level  adopting  a  method  similar  to fats  at  10 

Table  6  gives  the  composition  of  diets  used  in  °thb  ^sTudw  ^wo^dro^ 
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Adexoline  and  2  mg.  ol  alpha-tocophciol  were  also  given  orally  to  each 
rat  twice  a  week  to  meet  the  requirements  of  vitamins  A,  D  and  E. 

Five  adult  male  albino  rats  from  the  stock  colony,  weighing 
between  130-140  g.,  were  selected  for  the  experiment.  They  were 
housed  in  individual  metabolism  cages  provided  with  raised  screen 
bottoms  and  a  special  feeding  device  whereby  scattciing  of  the  diet  and 
contamination  ot  the  diet  with  excreta  were  minimised.  To  begin  with, 
they  were  fed  a  fat-free  diet  having  a  composition  similar  to  that  of 
experimental  diets  (Table  G)  with  the  difference  that  the  fat  was  com¬ 
pletely  replaced  by  corn  starch.  Following  a  preliminary  feeding  period 
of  5  days,  the  feces  were  collected  for  10  days.  The  ‘metabolic  fat’ 
excreted  by  each  animal  was  determined  in  the  usual  manner  by  drying 
the  feces  and  estimating  the  total  fat  according  to  the  procedure  of 
Narayana  Rao  and  De2a.  The  results  are  given  in  Table  7. 

The  same  rats  were  then  fed  the  experimental  diets  containing  fats 
at  10  per  cent  level  (Table  6).  The  experiment  was  so  designed  that  each 
of  the  five  rats  received  a  different  fat.  When  the  first  period  was  over, 
the  fat  in  the  diet  of  each  rat  was  changed.  This  arrangement  was 
followed  till  all  the  five  rats  had  received  each  one  of  the  fats  in  turn. 
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Table  5— Physical  and  Chemical  Constants  of  Fats  Examined 


Fat 

m.p. 

°C. 

Sap. 

val. 

Iod. 

val. 

Thiocya- 

nogen 

val. 

Acid 

val. 

Crude  cottonseed  oil 

Liquid  at  room 
temp. 

188.0 

100.5 

59.0 

2.05 

Refined  cottonseed  oil 

do 

194.5 

102.6 

60.3 

0.58 

Hydrogenated  cottonseed 
oil 

37 

189.0 

69.0 

•  • 

0.58 

Refined  groundnut  oil 

Liquid  at  room 
temp. 

188.0 

90.6 

62.0 

0.05 

Cow’s  ghee 

33 

220.0 

32.9 

26.3 

0.21 

Table  6- 

—Composition  of 

Experimental  Diet 

8 

O  ' 

/O 

Casein  (fat-free) 

12.0 

Corn  starch 

60.0 

Sucrose 

10.0 

Yitaminised  starch* 

4.0 

Osborne  Mendel  salt  mixture 

4.0 

Faff* 

10.0 

*  Yitaminised  starch  was  so  prepared  that  at  4  per  cent  level,  it  supplied  the 
requirements  of  all  11-group  or  vitamins  fCrude  cottonseed  oil.  hydrogenated  cottonseed 
oil  (m.p.  3/  C.),  refined  cottonseed  oil,  refined  groundnut  oil  and  cow’s  ghee 


Table  7— Metabolic  Fat  of  Rats  Fed  Fat-free  Diets 
{Collection  period ,  10  days ) 


Amount  oT diet  consumed,  g. 

Amount  of  fat  ingested 

Weight  of  dry  feces,  g. 

Total  metabolic  fat,  mg. 

Metabolic  fat*/g.,  stool,  mg. 

*Tlie  metabolic  fat  is  almost 
with  reported  values11  16 


Rat 

1 

Rat 

9 

4. 

Rat 

3 

Rat 

4 

Rat 

5 

146.0 

134.0 

143.0 

143.0 

137  5 

7.233 

6.413 

6.347 

7.072 

6.90 

390.5 

352.8 

394.5 

367.4 

399.8 

54.0 

55.0 

62. 1 

51.9 

58.0 

■lie  same  in  all  rats.  The  av.  valu(.  of  56  mg 


INVESTIGATIONS  ON  VANASPATI 

bility 'coeffidents'of  different  fete  w«‘cal  "77  |main‘Sncd-  The  digesli- 
allowing  for  the  metabolic  fat.  The  resulted  pr«entedTn  xTbleT 


Discussion 


cow’s  ghee  is^si^  'thatof^tl  co’f!rseof  hydtolysis  of 

This  finding  confirms  the  S  X  *.of  otl\er  fats  (Figs.  1  and  2). 

Swaminathan23  and  Dastur  and  Gil  The  h  \  N,arayanfa  *ao  and 

fats  studied  follow  nearly  the  same  course  VVhJl  hJd™lyses,of  the  other 
cottonseed  oil  are  slightly  more  dioestible  than^r  *  |3°th  C,U,de  and  refined 
genated  cottonseed  oil  is  Tght 


Table  8— Dioesttbilitv  of  Oils  and  Fats 


( Duration  of  collection,  10  days) 


Cow’s 

Crude 

Refined 

Refined 

Hydro- 

ghee 

cotton¬ 

seed 

oil 

cotton¬ 

seed 

oil 

ground¬ 
nut  oil 

genated 
cotton¬ 
seed  oil 

Number  of  rats 

r> 

5 

5 

5 

5 

82.70 

Av.  amount  of  diet  consumed,  g. 

82.60 

81.60 

83.30 

82.08 

Av.  amount  of  fat  ingested,  g. 

8.26 

8.  16 

8.33 

8.20 

8.27 

Av.  weight  of  stools,  g. 

4.62 

4.59 

4.50 

4.47 

4.91 

Total  amount  of  fat  excreted  (corrected),  mg. 

447.80 

245.30 

430.60 

365.70 

540.00 

Coefficient  of  digestibility,  % 

94.60 

97.50 

94.80 

95.90 

93.50 

Table  9 — Composition 

of  Experimental 

Diets 

Extracted  skimmed  milk  powder* 


Extracted  food  yeast*  jp 

Sugar  ]0 

Vitaminized  starch  *5  5 

Salt  mixture  (Ca  &  P  free)*'  4 

Agar  agar  powder  1 

Corn  starch  34 

Fat  10 


♦Extracted  by  petroleum  ether  in  a  pilot  solvent  extraction  apparatus 


PROCESSING  &  UTILIZATION  OF  COTTONSEED  OIL,  ETC. 

containing  less  than  seven  carbon  atoms  in  the  molecule.  His  observa¬ 
tion  would  suggest  that  the  greater  digestibility  of  cow’s  ghee  is  probably 
due  to  its  higher  content  of  lower  fatty  acids. 

The  results  of  in  vivo  studies  given  in  Table  4  indicate  that  all 
the  fats  are  digested  to  the  extent  of  about  95  per  cent  by  adult  rats. 
This  is  in  conformity  with  the  observation  of  Deuel  and  Holmes5  that  all 
fats  and  oils  having  a  melting  point  below  50°C.  are  almost  completely 
digestible.  Crude  cottonseed  oil  is  slightly  more  digestible  than  the  refined 
and  hydrogenated  oils.  This  may  be  due  to  the  presence  of  lecithin 
and  other  phosphatides  in  crude  cottonseed  oil,  which  have  a  beneficial 
effect  on  fat  digestibility23. 


3.  NUTRITIVE  VALUE  OF  CRUDE,  REFINED  AND  HYDROGENATED 

COTTONSEED  OIL 


The  nutritive  value  of  fats  used  for  edible  purposes  has  been  die 
subject  of  study  by  a  large  number  of  workers.  Deuel  et  a/.*6’*1,  Parish 
et  a/.29  and  Harris  and  Mosher*9  did  not  find  any  difference  in  the  growth 
promoting  value  of  different  fats,  when  fed  along  with  an  adequate  diet 
to  rats.  Schantz  et  nl. 30  and  Boutwell  et  al .31  reported  butter  fat  to  be  superior 
to  other  fats  in  promoting  growth  in  albino  rats;  the  superiority  being 
observed  when  the  carbohydrate  present  in  the  diet  is  mainly  lactose32.  Fats 
are  also  found  to  have  a  beneficial  effect  on  the  utilisation  of  calcium  and 
phosphorus33’34.  Although  a  large  amount  of  work  has  been  done  on  the 
nutritive  value  and  effect  on  mineral  metabolism  of  a  wide  variety  of 
edible  oils,  little  information  is  available  concerning  crude,  refined,  and 
h>' drogenated  cottonseed  oil.  The  present  paper  deals  with  studies  on  the 
growth  promoting  value  and  effect  on  mineral  metabolism  of  crude, 
refined  and  hydrogenated  cottonseed  oil  in  growing  rats. 


Experimental 

,  Tl‘?  •diffcrent  -a‘S  USed  i"  lile  present  stud>’  were  the  same  as  those 
employed  in  a  previous  investigation. 

Young  albino  rats,  one  month  old  and  weighing  about  40  a.  were 
used  in  these  investigations.  Each  group  consisted  of  six  rats  distributed 
equally  according  to  sex  and  litter  mates.  The  different  groups  were  fed 
diets,  the  composition  of  which  is  shown  in  Table  0-  in  i  * 

drops  Of  Adeline  (Glaxo)  were  givenTa.ly  .o  each  iat  twtce  a'^’ekTo 
meet  then  vitamins  A  and  D  requirements.  The  rats  were  kent  in 

presented  Mb  10^  f°°d  '^dma  are 

Dun^e°",hiriClaUn"  CrtttsTf  T*'  » 

m  individual  mesh-bottomed  metabolism  rages  each  of  whvT”  kept 
stored  in  methanol  and  kept  in  a 
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Table  10— Growth 

Promoting 

Value  of 

Different  Fats 

Fat 

Av. 

initial  wt.  1 
S- 

Av. 

final  wt. 

O 

O  • 

Increase 
in  wt. 

U 

o  • 

Av. 

weekly 

increase 

Increase 
in  wt./g. 
fat 

in  wt. 

S- 

O 

•V  • 

Crude  cottonseed  oil 

52., 

144.2 

92.1 

15.35 

2.31 

Refined  cottonseed  oil 

02.1 

145.0 

92.9 

15.48 

2.31 

Cottonseed  vanaspati 

52.0 

138.1 

8(3. 1 

14.38 

2.18 

Refined  groundnut  oil 

51.9 

138.3 

80.4 

14.40 

2.42 

Cow’s  ghee 

52.0 

147.9 

95.9 

15.98 

2.41 

Ta  B.LE 


1 1— Effect  of  Cottonseed  Ores  on  Calcium  and  Phosphorus 


Metabolism 


{Duration  of  experiment,  7  days) 


Crude 
cotton¬ 
seed  oil 

Refined 
cotton¬ 
seed  oil 

Cotton-  Refined  Cow’s 

seed  ground-  ghee 

vanaspati  nut  oil 

No.  of  rats 

6 

6 

6 

6 

6 

Av.  initial  wt.,  g. 

92.4 

92.9 

90.5 

88.8 

93.4 

Av.  final  wt.,  g. 

120.0 

122.0 

119.4 

118.7 

122.8 

Av.  gain  in  wt.,  g. 

29.6 

29. 1 

28.9 

29.9 

29.4 

Av.  Ca  in  diet  consumed,  mg. 

368.0 

375.8 

363.8 

348.0 

370.8 

Av.  Ca  in  urines,  rrig. 

12. 18 

10.22 

11.2 

12.04 

10.08 

Ca  in  feces,  mg. 

81.02 

66.88 

93.9 

70.76 

52 . 32 

Total  Ca  excreted,  mg. 

93.20 

77. 10 

105. 1 

82.80 

62.40 

%  Ca*  utilized 

74.7  ±  3.1 

79. 5 -{-3.4  71. 

•1  ±2.8 

76.2  ±2.1 

83.2  ±2.9 

Av.  P  in  diet  consumed,  mg. 

m 

CO 

go 

393.6 

381.2 

364.6 

388.6 

Av.  I*  in  urine,  mg. 

6.44 

7. 14 

8.82 

7.42 

7.7 

Av.  P  in  feces,  mg. 

121.96 

117.66 

139.88 

141.38 

126.7 

Total  P  excreted,  mg. 

128.4 

124.8 

148.7 

148.8 

134.4 

%  P  utilized* 

66.7  ±2.5 

68.3 ±3.4  6 1.0 ±3.0 

59.2  ±3.2 

65.4  ±2.6 

♦Including  standard  error  of  mean  calculated  by  the  formula 
d  is  the  deviation  from  the  mean  and  n  is  the  number 


^  cP/h-J 
n 


where 
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10  ml.  of  the  preservative  (equal  quantities  of  toluene  and  cone,  hydro¬ 
chloric  acid)  were  placed  beneath  each  funnel  for  collection  of  urine. 
After  the  collection  period,  the  funnels  were  washed  with  water,  acidified 
with  hydrochloric  acid,  and  the  washings  were  added  to  the  urine  in  the 
bottles.  The  unconsumed  diet  was  collected  every  day  in  bottles 
and  weighed  after  drying  in  a  hot  air  oven  at  100  C.  to  constant 
weight.  Calcium  and  phosphorus  determinations  of  the  diets  and  of 
samples  of  the  feces  and  urine  were  made  using  the  methods  described  by 
Subrahmanyan  et  a/.85  The  results  obtained  are  given  in  Table  1 1 . 

Effect  on  the  retention  of  calcium  and  phosphorus  (carcass  analysis  study) : 
At  the  end  of  6  weeks’  feeding  period,  all  the  rats  were  sacrificed 
and  their  total  body  calcium  and  phosphorus  was  estimated.  The 
gastrointestinal  tract  was  dissected  and  the  contents  removed.  The 
whole  rat  was  mashed  in  a  meat  mincer  and  was  quantitatively  transferred 
into  a  porcelain  dish.  Sufficient  alcohol  was  added  and  the  dish  was 
allowed  to  dry.  It  was  then  ashed  first  on  a  low  flame  and  then  in  the 
muffle  at  500°C.  after  the  addition  of  sufficient  amount  of  sodium  acetate 
which  fixes  up  the  phosphorus  and  prevents  it  from  volatilization. 
Calcium  and  phosphorus  were  estimated  according  to  the  methods  of 
Subrahmanyan  et  al .3ti 

For  calculating  the  quantity  of  calcium  retained  in  the  body,  it  was 
necessary  to  make  allowance  for  the  initial  calcium  and  phosphorus  con¬ 
tent  of  the  animals  at  the  beginning  of  the  experiment.  This  was  obtained 
by  determining  the  body  calcium  and  phosphorus  of  a  group  of  G  rats  of 
28  days  of  age  which  were  litter  mates  of  the  animals  used  in  the  experi¬ 
ment  and  substracting  the  values  from  those  obtained  for  the  experimental 
animals.  The  results  are  given  in  Table  12. 


Discussion 

It  is  evident  from  Table  10  that  there  is  not  much  difference  in  the 
grouth  of  rats  fed  diets  containing  crude,  refined  or  hydrogenated  cotton¬ 
seed  oil,  refined  groundnut  oil  or  cow’s  ghee.  Schantz  et  al  37  reported 
that  young  rats  grew  best  over  the  first  six  weeks  after  weaning  on  a  diet 
of  skimmed  milk  homogenized  with  butter  fat.  When  corn  oil,  coconut 
oil,  cottonseed  oil  or  soyabean  oil  was  used  in  place  of  butter  fat  the 
growth  was  markedly  less  The  available  evidence  would  show  that 
(he  daily  requirement  of  linoleic  acid  which  is  essential  in  nutrition  is 
exceedingly  small3**,  being  of  the  order  of  20-50  m°-  According  tn  >L 
data  available,  linoleic  acid  is  present  in  adequaTfquamhies  fn  cow’s 
ghee  and  groundnut  oil  .  Even  though  crude  and  refined  cottonseed 
oi  s  are  richer  in  linoleic  acid  glycerides  than  cow’s  ghee  and  groundnut 

The  results  of  the  metabolism  and  carcass  analvse*  q  a  a\ 

do  not  show  any  significant  difference  in  th-  n  *  )  f.SJla  )  es  ^  anc^  4) 

„  jci ...  i  "vs  *s  &tsss  zt 
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T'BLE  12~STORAOE  of  Caici™  A"°  Pho»pTOrus  m  Rats  pud  on 

Cottonseed  Oils 


(  Duration  of  experiment,  6  weeks) 


Crude 
cotton¬ 
seed  oil 

Refined 
eotton- 
■ed  oil 

Cottonseed 

vanaspati 

Refined 
ground¬ 
nut  oil 

Cow’s 

ghee 

No.  of  rats 

6 

G 

6 

6 

6 

Av.  initial  \vt.,  g. 

52.1 

52.1 

52.1 

51.9 

52.0 

Av.  final  wt.,  g. 

144.2 

145.0 

138. 1 

138.3 

147.9 

Av.  gain  in  weight,  g. 

92. 1 

92.9 

86. 1 

86.4 

95.9 

Total  food  intake  (dry),  g. 

358.7 

362.5 

356.2 

346.3 

358.6 

Total  Ca  intake,  mg. 

1095.0 

1107.0 

1087.0 

1057.0 

1094.0 

Initial  body  Ca,  mg. 

353. 1 

353. 1 

353. 1 

353.1 

353.1 

Final  body  Ca,  mg. 

1092.4 

1144.2 

1140. 1 

1052.9 

1193.4 

Ca  retained,  mg. 

739.3 

791.1 

787.0 

699.8 

840.3 

Ca  utilized,  %* 

67.5  _j_  2.4 

71.5  +  2.8 

72.4  +  2.6  66.2  +  2.4 

76.8  +  2.7 

Total  P  intake,  mg. 

1148.0 

1159.0 

1140.0 

1108.0 

1147,0 

Initial  body  P,  mg. 

283. 1 

283 . 1 

283. 1 

283.  1 

283. 1 

Final  body  P,  mg. 

1001.7 

1041.1 

891.8 

883.4 

952.8 

P  retained,  mg. 

718.6 

758.0 

608.7 

600.3 

669.7 

P  utilized,  %* 

62.6  +  2.1 

65.4  +  3.4 

53.4  +  2.6  54.2  +  2.1 

58.4+2.9 

*  Including  standard  error  of  the  mean 


Table  13 — Characteristics  of  Refined  Cottonseed  Oil 


Present  investigation  Range  reported  in 

literature 


Sp.  gr. 

0.921 

0 

.921  - 

0.925 

Ref.  index 

1.470 

1 

.467  - 

1.472 

Sap.  value 

194.5 

192 

.0  - 

198.0 

Iod.  value 

102.6 

102. 

0  - 

114.0 

SCN  value 

60.3 

60. 

0  - 

70.0 

Unsaponifiables,  % 

0.75 

0. 

6  - 

0.9 

Sat.  acids.  % 

34.0 

22. 

0  - 

36.0 

60 


Table  14 — Glyceride 

Composition  of  Refined 

Cottonseed  Oil 

Glyceride 

Present  investigation 

Range  reported  in 
literature 

Saturated 

34.9 

22.5  -  36.2 

Unsaturated 

65.8 

62.8  -  77.5 

Oleic 

18.2 

18.0  -  30.0 

Linoleic 

47.6 

40.0  -  35.0 

pati  diet  excreted  mote  of  calcium  in  the  feces  than  the  other  rats.  The 
slightly  higher  degree  of  calcium  utilization  observed  in  the  case  of  refined 
cottonseed  oil  and  cow’s  ghee,  may  be  due  to  higher  content  of  oleic 
and  linoleic  acids  which  help  in  the  absorption  of  calcium  and  phosphorus. 

4.  STABILITY  OF  CRUDE  AND  REFINED  COTTONSEED  OIL 

In  an  earlier  paper16  from  this  laboratory,  the  results  of  studies  on 
the  composition  of  nine  varieties  of  Indian  cottonseed  and  of  crude,  refined 
and  refined  &  bleached  cottonseed  oils  have  been  reported.  The  present 
paper  deals  with  investigations  on  the  stability  of  cottonseed  oil  stored 
in  metallic  containers. 


Experimental 


The  bulk  sample  oi  crude  cottonseed  oil  used  for  the  investigation 
was  supplied  by  Hindustan  Vanaspati  Manufacturing  Co.  Crude  cotton¬ 
seed  oil  was  refined  and  bleached  according  to  the"  procedure  described 
earlier  by  Narayana  Rao  and  Kuppuswamy16.  The  official  A.O.C  S 
methods*  were  used  in  determining  the  physical  and  chemical  characteristics 
oi  the  oil.  Saturated  fatty  acids  were  determined  by  the  Bertram  oxi¬ 
dation  method  as  modified  by  Pelikan  and  Mikush40.  The  <dvceride 
composition  of  the  oil  was  calculated  from  thiocyanogen  and  iodine  values 
1  he  results  of  these  determinations  are  given  in  Tables  13  and  14  alono  with 
the  range  of  values  previously  reported  in  literature.  S 

Keeping  quality :  Crude,  refined  and  bleached  samples  of  cotton- 

thin  h1  kept  111  the  dark’  storefl  in  "lass>  aluminium  and  brass  vessels 
tinned  inside,  at  room  temperature  (25°-30°C  )  and  at  c\l°r  t:  i 

a  procedure  was  adopted  as  eilible  oils 'are  ufuaPy'  stored  in  households^ 

aluminium  or  biass  vessels.  Groundnut  oil  was  also  included  in  thn  i 

for  comparison.  The  rate  of  development  of  peroxide  value  n  H  n  7 

rent  oils  was  followed  for  a  period  of  three  months  The  n!  n  •*  d‘  lc‘ 

was  determined  at  intervals  of  15  days  accord in!;  pei0xide1  value 

Wheeler^  and  expressed  as  milli-equivalents  of  thio  per  £•  oHht^Th* 
results  are  given  in  Tables  15  and  16.  1  g'  of  fal*  The 


Discussion 

It  is  evident  from  the  data  presented  in  Tnble  1  j 

0.1  kept  well  during  three  months’  storage  in ‘glass,  afetTS 
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Table  15 — Peroxide  Value*  of  Different  Fats  during  Storage 

( Initial  peroxide  value,  O) 
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*ml.  of  N  tliio./kg.  of  fat 
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*ml.  of  N  thio./kg.  of  fat 


INVESTIGATIONS  ON  VAN  AST  ATI 

the  pl'cS'cc  of  gossypolVinc  e hZu"  is  d"c  lo 

MX 

X!S,  it  r  E  5 rF  TT " =«*: 

T,  contameis.  1  his  is  due  to  the  pro-oxidant  effect  of  metals  Refin 

,d"rd  n  b.lcachcd  cottonseed  oil  to  which  antioxidants  had  been 
added  kept  well  when  stored  in  glass  containers.  But  when  stored  in 
netal  containers,  they  developed  peroxides  quite  rapidly.  This  shows 

ment  of  a“tJ°f.ldants  *s.ed  dld  noL  Protect  the  oils  against  the  develop¬ 
ment  ol  oxidative  rancidity  catalysed  by  metals. 

5.  STABILITY  OF  WINTERIZED  COTTONSEED  OIL 

In  the  preparation  ol  some  foods,  the  consistency  of  the  oil  is  a 
ma!te.r  gccat  importance.  For  example,  an  oil  which  docs  not  solidifv 
at  u-4  U.  should  be  used  for  preparing  green  salads.  In  the  U.S.A., 
consideiable  quantities  ol  salad  oil  prepared  from  winterized  cottonseed 
oil  arc  utilized  for  the  manufacture  of  mayonnaise  and  salad  dressings5. 

1  he  composition  and  keeping  quality  ol  the  winterized  oil  depends  on  the 
conditions  of  winterization.  Apart  from  the  recent  work  of  Mack,  Moore 
and  Bickford42  on  the  chemical  composition  and  autoxidative  stability 
of  three  samples  of  winterized  cottonseed  oil  by  the  active  oxygen  method, 
no  information  is  available  regarding  the  keeping  quality  of  winterized 
cottonseed  oil.  The  present  paper  deals  with  studies  on  the  keeping  quality 
of  winterized  cottonseed  oil  stored  in  glass  and  tin  containers,  with  and 
without  the  addition  of  antioxidants  and  synergists. 


Experimental 


Preparation  of  winterized  oil:  A  sample  of  crude  cottonseed  oil 
was  refined  and  given  a  light  bleach  according  to  the  procedure  des¬ 
cribed  by  Narayana  Rao  and  Kuppuswamy 16.  The  bleached  oil  was 
kept  in  a  cold  chamber  at  4.4-6. 1°C.  for  a  period  of  5  days,  during  which 
solid  stcarine  fraction  separated  out.  The  winterized  oil  was  decanted 
and  filtered  at  the  same  temperature.  1’hc  yield  of  winterized  oil  was  76 
per  cent  of  the  refined  &  bleached  oil. 

Characteristics  of  the  oil:  The  physical  and  chemical  constants 
and  cold  test  of  the  winterized  oil  as  also  of  the  original  refined  cottonseed 
oil  were  determined  according  to  the  standard  A.O.C.S.  methods  4. 
Fhe  total  tocopherol  content  of  both  winterized  and  unwinterized  cotton¬ 
seed  oil  was  estimated  according  to  Emmerie  and  Engel’s  method  as  modi¬ 
fied  by  Parker  and  McFalanc  13.  The  results  of  these  determinations 
arc  presented  in  Table  1 7. 

Keeping  quality:  Samples  of  winterized  cottonseed  oil  and  refin¬ 
ed  &  bleached  cottonseed  oil  were  stored  in  dark  in  glass  bottles  and  tin  cans 
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PROCESSING  &  UTILIZATION  OF  COTTONSEED  OIL,  ETC. 

at  room  temperature  (23-30 ’C.)  and  at  37°C.  In  order  tostudytheell'ect 
of  certain  antioxidants  and  synergists  on  tlie  keeping  quality  of  die  oils, 
dodecyl  gallate  and  propyl  gallate  (0.02  per  cent)  and  synergist,  citric 
acid  (0.1  per  cent),  were  added.  Samples  containing  antioxidants  and 
synergist  were  stored  under  the  same  conditions  as  control  samples,  the 
peroxide  values  were  determined  at  intervals  of  15  days  during  a  period 
of  three  months  according  to  the  procedure  of  Wheeler  .  Ihe  lesul  s 
are  given  in  Table  18. 


Discussion 


Table  17  shows  that  winterization  did  not  appreciably  alfcct  the 
colour  of  refined  cottonseed  oil.  A  slight  increase  in  iodine  value,  glycerides 
of  oleic  and  linoleic  acids  and  tocopherol  content,  and  a  decrease  in  the 
saturated  glycerides  were  noted  in  the  winterized  oil. 

The  data  in  Table  18  show  that  the  keeping  quality  of  winterized 
oil  is  nearly  of  the  same  order  as  that  of  the  unwinterized  oil  in  spite  of  the 
slightly  higher  iodine  value  of  the  former.  Similar  observations  have  been 
made  by  Mack  el  a/.42  Both  oils  developed  peroxides  more  rapidly  at 
room  temperature  (23— 30°C).  Oils  stored  in  tin  vessels  developed  slight¬ 
ly  higher  peroxide  values  than  those  stored  in  glass.  The  development  of 
higher  peroxide  values  in  vegetable  oils  when  stored  in  tin  containers  as 
compared  to  glass  has  been  observed  by  other  workers44  45. 
The  two  esters  of  gallic  acid  (propyl  gallate  and  dodecyl  gallate)  in  the 
presence  of  citric  acid  were  effective  in  retarding  oxidative  rancidity  in 
unwinterized  and  winterized  cottonseed  oils  stored  in  glass  and  tin 
containers. 


Table  17— Characteristics  of  Refined  &  Bleached  and  Winterized  Cottonseed 

Oils 


Refined  and  bleached  oil  Winterized  oil 


Present 

Values 

Present 

Values 

investiga¬ 

tion 

reported 
in  litera¬ 

investiga¬ 

tion 

reported 
in  litera¬ 

ture 

ture 

Colour* 

12.5 

35-70 

12.0 

35-70 

Y  :  1 . 1 R 

Y : 3.2-6 R 

Y  :  1 .  OR 

Y  :3.2-4.1R 

Iodine  value 

105.3 

102-114 

109.2 

103-116.8 

Thiocyanogcn  value 

65.8 

64-69 

68.1 

67-71 

Linolcin,  % 

48.8 

47-51 

50.8 

49-55 

Olein,  % 

24.2 

19-21 

25.0 

22-25 

Saturated  glycerides,  % 

27.0 

23-27 

24.2 

19-29 

Total  tocopherols,  mg.  % 

75 

60-120 

87 

75-150 

Cold  test,  hr. 

♦Lovibond  units,  1  cm.  cell 
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Table  18 — Effect  of  Antioxidants  and  Synergist  on  Peroxide*  Development  in  Cottonseed  Oils 
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195.0  209.5  18.0  22.0  IG.O  19.5  200.0  214.5 

ml.  of  1  N  thio./kg.  of  fat;  D.G. — Dodecyl  gallate  ;  C.A. — Citric  acid  ;  P.C. — Propyl  gallate 


Table  19 — Bleaching  Properties  of  Activated  Earths 
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*Lovibond  scale,  yellow  units..  1  cm.  cell 


INVESTIGATIONS  ON  VANASPATI 


6. 


PREPARATION  OF  ACTIVATED  CLAYS  AND 
GENOUS  RAW  MATERIALS  FOR  BLEACHING 


CARBONS  FROM  INDI¬ 
COTTONSEED  OIL 


Fuller’s  earth  and  bleaching  carbon  are  largely  used  in  the  oil 
industry  for  clarification  and  decolorisation.  Owing  to  increased  produc¬ 
tion  of  hydrogenated  oil  in  the  country,  the  demand  for  bleaching  earths 
and  bleaching  carbons  is  on  the  increase.  I  he  use  of  imported  varieties 
of  bleaching  earths  and  bleaching  carbc  is  increases  the  cost  of  bleaching 
considerably.  Consequently,  several  workers46'51  have  investigated  the 
suitability  of  activated  indigenous  clays  and  bleaching  carbons  prepared 
from  cheap  raw  materials  for  decolorisation  of  oils  and  fats. 


Activation  of  Indigenous  Earths 


Four  kaolinic  clays,  namely,  Bagheshapura,  Hebbur,  Nandhihalli 
and  Thirthahalli  clays,  were  obtained  from  the  Bureau  of  Mineral 
Development,  Mysore,  powdered  to  pass  through  a  100  mesh  sieve,  and 
then  activated  according  to  the  procedure  of  Joshi  and  Salctorc  4*. 
Comparative  tests  were  carried  out  with  these  clays  and  three  well  known 
foreign  earths,  namely  B.D.H.  fuller’s  earth,  fuller’s  earth  obtained  from 
Hindustan  Vanaspati  Manufacturing  Co.,  and  Tonsil,  an  activated  German 
earth.  The  bleaching  trials  were  made  at  4  per  cent  level  on  refined 
groundnut  oil,  according  to  the  A.O.C.S.  methods4.  The  oils  were  filter¬ 
ed  hot  and  the  filtrate  collected  after  discarding  the  first  few  ml.  The 
intensity  ot  yellow  colour  was  measured  in  a  Lovibond  tintomctei  using  a 
1  cm.  cell.  The  results  are  given  in  Tables  19  and  20. 

It  is  evident  from  the  results  that  Bagheshapura  clay,  when  heated 
to  a  high  temperature  (300—350  C.),  gives  an  activated  product  with  impi  o\  - 
ed  bleaching  action.  Activation  with  5  N  hydrochloric  acid  gives  a  better 
product.  Hebbur  clay  also  gives  a  product  with  good  bleaching  activity 
when  activated  wih  5  N  hydrochloric  acid. 

Nandhihalli  and  Thirthahalli  clays  do  not  give  activated  products 
with  good  bleaching  activity.  Foreign  earths,  which  were  used  tor 
comparison,  were  found  to  have  finer  particle  size  (>200  mesh)  than 


Table  20-Bleaching  Properties  of  Foreign  Earths  as  compared  to  Baghesha- 

i»rin  »  Ctr.AV 


(Particle  size, >200;  activated  earth, 

i°o  (wlw)  5  colour  index  of  untreated  oil, 

2.2IT) 

Earth 

Colour  index* 

Bleach 

o/ 

o 

B.D.H.  fuller’s  earth 

1.1 

50.0 

1I.V.M.  fuller's  earth 

1.0 

54.5 

1  1 

50.0 

Tonsil 

1  . 1 

50.0 

Tonsil  (Optimum) 

1  . 1 

50.0 

Bagheshapura  clay 

*Lovibond  yellow  unit*.  1  ctn.  cell 
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Table  21— Bleaching  Properties  oi  Activated  Carbons 
[Particle  size, >12o  mesh;  %  (w/w)  added  to  oil,  0.5;  colour  index  of  untreated  oil,  3.3/11;  20)"] 


Raw  material 

Activator 

Colour 

index*  and  bleach 

Red 

Bleach  Y 
0/ 

/o 

el  low 

Bleach 

o/ 

Saw  dustf 

(i) 

Zinc  chloride 

1 .5 

54.5 

16.5 

35.5 

do 

(ii) 

do 

1  .0 

45 . 5 

10.0 

30.0 

do 

(iii) 

do 

2.3 

30.3 

17.0 

34.0 

do 

(iv) 

do 

2.2 

33.3 

10.0 

30.0 

do 

(v) 

do 

2.3 

30.3 

10.0 

30.8 

Saw  dust 

(i) 

Calcium  oxide 

1.8 

45.5 

15.0 

42 . 3 

do 

(«i) 

do 

1.4 

57.6 

15.0 

42.3 

do 

(iii) 

do 

1.4 

57.6 

14.0 

46.  1 

do 

(iv) 

do 

2.  1 

36.4 

10.0 

30.3 

do 

(v) 

do 

2.3 

30.3 

20.0 

23.0 

Paddy  lmsk 

Zinc  chloride 

1.0 

70.0 

12.0 

54.0 

Calcium  oxide 

2.7 

10.2 

22.0 

15.4 

Groundnut  hulls 

Zinc  chloride 

1.2 

63.6 

13.0 

50.0 

Calcium  oxide 

2.3 

30.3 

10.0 

30.0 

Cottonseed  hulls 

Zinc  chloride 

2.3 

30.3 

19.0 

26.9 

Calcium  oxide 

2.3 

30.3 

22.0 

15.4 

I.C.I.  carbon 

1.5 

54.5 

17.0 

34.6 

Penick  carbon 

1.1 

66.7 

12.0 

54.0 

*Lovibond 

units,  1  cm.  cell 

'j'(i)  Honn ? 

(ii)  leak  (iii)  Silver 

oak  (iv)  Burg*  (v)  Tadasil 

uic  jjiouucis  prepared  by  us.  Hence  it  is  rvnrrt,.rl  ,i  i  ■ 
properties  of  the  activated  Mysore  clays  may  further  i,'  1C  h‘cachin^ 
to  a  finer  particle  size  (>200  mesh)  T  !  T1^  lf  Sfound 

Bagheshapura  clay  with  line  particle  size  (>200  Pmcsh  ac[lvafed 

as  active  as  B.D.H.  fuller’s  ear'th  in  i*  (74^20) .‘°  'JC 


Bleaching  Carbons 

Honn^Tadadf;  ^^"iwr  'orkT^^idnut  i.nd,!8Cnbus  5aw  dusts  (teak, 
paddy  husk,  after  activation  with  line  chlori^'SdSS^  “d 
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J  able  22  Bleaching  Efficiency  of  Activated  Earths  and  Carbons 

AND  THEIR  MIXTURES 

(  Colour  of  untreated  oil,  5.5  R  ;  30  T) 


Colour  of  bleached  oil* 

- - A - 


Bleach.  °f 

A-  ' 


Bleaching  agent 

Paddy  husk  carbon  4% 
do  2% 
do  1.0% 
do  0 . 5% 

I.C.T.  carbon  4% 
do  2% 
do  1.0% 
do  0.5% 

Activated  Bagheshapura  clay  G% 
do  4% 
do  2.5% 
do  1.0% 

Puller’s  earth  G.0% 
do  4.0% 
do  2 . 5% 
do  1.0% 

Paddy  husk  carbon  &  Bagheshapura 
clay  (1:10)  4.4% 

do  3.3% 

do  2.2% 

do  1.1% 

I.C.A.  carbon  &  fuller's  earth  (1  : 10)  4.4 
do  3.3 
do  2.2 
do  1.1 

♦Lovibond  units,  1  cm.  cell 

their  bleaching  activity  was  compared  with  two  imported  carbons  (rentek 

and  a  n"  !  {.  r  <ra\ v  °m  a  ter  ials  were  ground  to  pass  through  a  40  mesh  sieve 

Td  activated  with  -thm  Std  by 

Mtiklmrj^and'BhaUachar^'tw®.  ^bt^the  case  w^h^zinc  chloride! 

was  digested  with  sodium  n  "  w;th  calcium  oxide  was  similar  to 

35  ssttttSt 

calcium  oxide  was  used  in  place  ol  zinc  chloucte. 


:d 

Yellow 

Red 

Yellow 

1.3 

9.5 

76.3 

G8.3 

1 .5 

12.0 

72.7 

60.0 

1.9 

14.0 

G5.4 

53.3 

2.4 

1G.5 

5G.4 

45.0 

1.9 

12.4 

G5.4 

58.6 

2.5 

17. G 

54.5 

41.3 

2.8 

20.8 

49.1 

30.6 

3.7 

22.4 

32.7 

25.3 

1.4 

10.4 

74.5 

65.3 

2.5 

14.0 

54.5 

53.3 

3.0 

18.0 

45.4 

40.0 

4.3 

24.0 

21.8 

20.0 

1.2 

9.8 

78.2 

67.3 

1.2 

12.5 

GO.O 

58.3 

2.5 

15.0 

54.5 

50.0 

3.7 

21.0 

32.7 

30.0 

1.1 

7.5 

80.0 

75.0 

1.3  ‘ 

12.0 

•  76.3 

60.0 

1.8 

15.5 

G7.2 

48.3 

2.9 

21.3 

47.3 

29.0 

1.0 

7.0 

81 .8 

60.6 

1.2 

11.5 

78.2 

61.6 

1.6 

13.0 

70.8 

56.6 

2.5 

20.0 

54.5 

33.3 
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PROCESSING  &  UTILIZATION  OF  COTTONSEED  OIL,  ETC. 

The  relative  efficacy  of  the  different  carbons  in  bleaching  cottonseed 
oil  was  determined  according  to  the  methods  of  A.O.C.S  *  The  co  our  of  the 
bleached  oil  was  measured  in  Lovibond  tintometei  using  a  1  cm.  . 
results  are  given  in  Table  21.  > 

The  results  (Table  21)  show  that  paddy  husk  carbon  after  activation 
with  sodium  hydroxide  and  zinc  chloride  was  efficient  in  bleaching  iehned 
cottonseed  oil.  The  carbon  prepared  from  groundnut  hulls,  after  activa¬ 
tion  with  zinc  chloride,  also  possessed  high  bleaching  activity  and  compa¬ 
red  well  with  imported  carbon. 


Bleaching  Efficiency  of  Activated  Clays  and  Carbons 

The  bleaching  efficiency  of  paddy  husk  carbon,  acid  activated  Baghesha- 
pura  clay  and  a  mixture  of  paddy  husk  carbon  and  Bagheshapura  clay 
(1  :10)  at  various  percentages  was  determined  according  to  the  methods  ot 
A.O.C.S.4  The  colour  of  bleached  oil  was  measured  in  a  Lovibond  tintome¬ 
ter  using  a  1  cm.  cell.  The  results,  as  compared  with  those  obtained  with 
I.C.I.  carbon,  imported  fuller’s  earth  and  mixture  of  I.C.I.  carbon  and 
fuller’s  earth  are  presented  in  Table  4. 

It  is  evident  from  the  results  (Table  22)  that  paddy  husk  carbon  and 
acid  activated  Bagheshapura  clay  as  well  as  their  mixtures  compare  favour¬ 
ably  with  foreign  carbons  and  earths  in  bleaching  refined  cottonseed  oil. 


7.  COMPOSITION,  STORAGE  AND  NUTRITIVE  VALUE  OF  PALM  OIL 

During  recent  years  the  production  of  hydrogenated  vegetable  oils 
has  been  on  the  increase  and  there  is  a  growing  demand  for  the  oils  suitable 
for  hydrogenation.  There  is  thus  an  urgent  need  to  investigate  the  suita¬ 
bility  of  other  sources  of  vegetable  oils  to  supplement  groundnut  oil  in  the 
production  of  hydrogenated  products. 

Palm  oil  is  the  orange  coloured  oil  derived  from  the  outer  pulp  of  the 
fruit  of  oil  palm  (Elaeis  guineensis  Jacq.  and  other  allied  species).  Although 
the  oil  has  been  used  for  edible  purposes  for  many  years,  little  information 
is  available  about  its  keeping  quality  and  nutritive  value. 

I  he  picsent  paper  deals  with  the  studies  on  the  composition,  stability 
and  nutntive  value  ol  palm  oil  and  a  blend  of  palm  oil  and  hydrogenated 
groundnut  oil  as  compared  to  hydrogenated  groundnut  oil. 


Experimental  and  Results 

CharacteristIfs  and  composition:  Samples  of  palm  oil,  palm  oil  blend 
and  hydrogenated  groundnut  oil  used  in  the  present  investigation „  " 
supp  led  by  Hindustan  Vanaspati  Manufacturing  Co.  Ltd.,  Bombay.  C  C 

different  "physical  Tn^ch^  in,  determining  the 

point  of  the  samples  was  determined  by  the  V  O  P  method^  ti  m-e 
value  was  determined  by  the  Hanus  methods  I * • .  '  1  he  1Q.d.ine 

of  the  oils  was  calculated  from  ti  *  *  le  S  yceric^e  composition 

results  are  given  in Table  23.  ,h,°CyanoSen  a"d  iodine  values.  The 
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Table  23 — Chemical 


and  Physical  Characteristics  of  Palm  Oil  and  Blends 


Particulars 


Palm  oil* 


Palm  oil+ 
blend 


Hydrogen¬ 
ated  ground¬ 
nut  oil 


Consistency 

Semi-solid  | 

Solid 

(grainy) 

Solid 

Melting  point,  °C.  (V.O.P.  method) 

31.5 

36.5 

36.5 

Saponification  value 

202 

198 

196 

Iodine  value  (Hanus  method) 

48.7 

56.2 

62.1 

Thiocyanogen  value 

39.5 

52.0 

61.4 

Olein.  % 

34. 1 

55.55 

71.39 

Linolein,  % 

11.2 

4.86 

0.48 

Saturated  glycerides,  % 

54.7 

39.59 

28.  13 

Carotene  (microgram),  % 

200 

30 

nil 

Initial  free  fatty  acids,  %  oleic 

0.21 

0.08 

0 . 05 

*  Refined  and  deodorized 

'j'Palm  oil  blend  (m.p.,  36.5°C.),  containing: 

hardened  palm  oil,  50%  ; 

hardened 

groundnut  oil,  45%  ;  and  sesame  oil,  5% 
^Separating  into  liquid  and  solid  fractions 


Table  24 — Peroxide  Valves*  of  Fats  Stored  with  and  without  Antioxidants  and 

Synergist 


(Closed  t'n  at  37 c) 

Palm  oil  Pa' m  oil  blend  Hydrogenated  groundnut  oil 


t — 

, - " 

"V  ( — 

« 

. 

X* 

. 

< 

11  1 

a,  R  vj 

d 

d 

+ 

— 

U 

+ 

W 

Contro 

C.A. 

BHA+C 

+ 

o 

Contro 

C.A. 

d 

+ 

e*T\ 

+ 

O 

Ph 

0  1 

i 

1 

1 

1  1  1 

l 

0 

0 

0 

0 

1  1 

i 

1 

1 

1  1  1 

1 

0 

0 

0 

0 

3  2.5 

2.5 

2 

1 

2.5  2.5  1 

1 

1.5 

1 

0 

0 

6  2.5 

2.5 

2.2 

2.0 

2‘.  5  2.5  2.0 

1.5 

2.0 

1 . 5 

1 

1 

*ml.  of  1  N  thio./kg.  of  fat 

C. A. —Citric  acid;  BHA — 

Butylated  hydroxy  ani«ole  ; 

P.G.- 

—Propyl  gallate 

Table  25 — Acidity  of  Fat*  Stored  for  6  Months  at  37  C. 


Fat 

Palm  oil  (refined) 

Palm  oil  blend  and  groundnut  oil 

Hydrogenated  groundnut  oil 

Free  fatty  acids  (%  oleic 
acid) 

_  a- 

( 

Initial 

0.21 

0.08 

0.06 

Final 

0.24 

0. 10 

0.06 

Table  26 — Composition 

of  Experimental  Diets 

(V 

Casein 

/O 

12 

Corn  stareh 

60 

Sugar 

10 

Vitaminised  starch* 

4 

McCollum  and  Davis  Salt  Mixture 

4 

Fatf 

10 

*.\t  A  %  level,  vitaminized  starch  satisfies  the  requirements  of  all  B-group 
vitamins  j Refined  and  deodorised  palm  oil,  palm  oil  blend  and  hydrogenated 
groundnut  oil 


Table  27— Growth  Promoting  Value  of  Fats 


Fat 


Palm  oil 
Palm  oil  blend 
Hydrogenated  groundnut  oil 


Av.  food  intake; 
per  rat  per  day 

r/ 

,S  • 

11.6 

11.5 

11.5 


Av.  weekly  gain 
in  weight 


13M1  0.820 
13.88  J  i (16  d.f.) 


14.  15 


(hem  fnT5rciosLhtinseal>'3n78»C1Ufality  °f  •'‘1'''?"'  fa,S  was  Coring 

d.e  acidity  andSperoxide  values  °* The' elite/ ^cf  a"<!  *7,  *>1^ 
butylated  hydroxy  anisole  i0  09  ?!  1 ,  certain  antioxidants,  e.g., 

along  with svnergist  citric  acid~  Fo  and  I51'0!5)’1  °'allate  (0.01  percent) 

the  different  fats  was’also  studied  The  free  fT  °“,the  keePinS  quality  of 
samples  was  determined  at  the  *  ,‘lUy.‘?Cltl  content  of  the  control 


samples  was  determined  at  the  beginnin^ndi^th01'1  Tmu  °f  the.contro1 

Per,<Notriav®r^iu«S.  3Ip  t>resente^ItollTables  and"^0^  ^  ext5cnrnentat 

lots,  the  following  «perimfnb11r!‘er(Cl-tdVe  nu,ri,tv5  valuc  of  "•«  three 

2)  digestibility  co-eflicient  ;  and 
(  1  C"eCt  °n  calcium  ttnd  phosphorus  metabolism. 
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Table  28 — Digestibility  Coefficients  of  Different  Fats 
[Experimental  period.  7  days) 


Fat 

Palm  oil 
Palm  oil  blend 
Hydrogenated  groundnut  oil 


Digestibility  coefT. 

o/ 

t o 

96. 6 


96.8 


96. 1 


Table  29 — Effect  of  Fats  on  Calcium  Utilization 


(. Experimental  period,  6  days) 


Fat 

Av. 

food 

intake 

S ■ 

Av.  Ca 
consumed 
mg. 

Av.  Ca 
excreted, 
mg. 

Urine  Feces 

Av.  Ca 
balance 
mg. 

Palm  oil 

54.8 

175.4 

1.7 

64.7 

109.0  1 

|  ±4-34 

Palm  oil  blend 

56.1 

185.1 

2.6 

74.8 

107.7  y 

i  (8  d.f) 

Hydrogenated  groundnut  oil 

63.5 

203.2 

3.6 

91 .0 

108.6  J 

Table  30 _ Effect  of  Different  Fats  on  Phosphorus  Utilisation 


[Experimental  period.  0  days) 


Av.  Av.  P 
food  consumed 


Av.  P  ex¬ 
creted 


Av.  P 

balance 


Fat 


Palm  oil  0+0  |  ±10-6 

Pa.moUb.cnd  »•'  410  0  1M'°  45  0  M6'2  U  dX) 

Hydrogenated  groundnut  oil 

Xab,e  31 _ Organoleptic  Evaluate  op  Dish*  Containing  D.ffpapnt  Fats 

Sweet  (Mysore  Pak) 


intake 

mg. 

( - 

Feces 

mg. 

a . 

d 

Urine 

54.8 

400.8 

90.6 

40.8 

269.4 

'l 

1 

56.1 

410.0 

108.0 

45.8 

256.2 

> 

63.5 

464. 1 

134.2 

61.4 

268.5 

J 

Savoury  (Bhajji) 


Refined  Palm  oil 
palm  oil  blend 


Texture 

Flavour 


Hard 


Crisp 


Marked  Slight 
palm  oil  palm  oil 
flavour  flavour 


Hydroge¬ 

nated 

groundnut 

oil 

Crisp 

Bland 


Refined 
palm  oil 


Crisp 

Slight 
palm  oil 
flavour 


Palm  oil 
blend 


Crisp 

Bland 


Hydroge¬ 

nated 

groundnut 

oil 

Crisp 

Bland 


Acceptability  Fair  Good 


Very  good  Good  Very  good  Very  good 


PROCESSING  &  UTILIZATION  OF  COTTONSEED  OIL,  ETC. 


Growth-promoting  value:  Three  groups  of  freshly  weaned  rats,  about 
four  weeks  old  and  weighing  between  40  and  45  g.,  were  used  in  these  studies. 
Each  group  contained  ten  rats,  distributed  equally  according  to  sex  and  htu  t 
mates.  The  three  groups  of  rats  were  fed  ad  lib  on  experimental  diets  con¬ 
taining  palm  oil,  palm  oil  blend  and  hydrogenated  groundnut  o  1  . 
The  composition  of  the  experimental  diet  is  shown  in  I  able  . 
The  fats  were  incorporated  in  the  experimental  diets  at  10  per  cent  level.  In 
addition  to  the  diet,  two  drops  each  of  Adexoline  and  alpha-tocopherol 
were  given  orally  to  each  rat,  twice  a  week,  to  meet  vitamins  A,  D  and  L 
requirements.  The  feeding  was  carried  out  for  a  period  of  eight  weeks. 
The  average  increase  in  weight  of  the  rats  is  given  in  Table  27. 

Digestibility:  The  digestibility  coefficients  of  palm  oil,  palm  oil  blend 
and  hydrogenated  groundnut  oil  were  determined  on  adult  rats,  by  feeding 
them  diets  containing  the  different  fats  at  10  per  cent  level.  The  method 
adopted  was  similar  to  that  of  Cheng  el  al .53  The  composition  of  the  diet 
was  the  same  as  that  given  in  Table  a6.  The  digestibility  coefficients  were 
calculated  in  the  usual  manner  after  correction  for  metabolic  fat.  The 
results  are  given  in  Table  28. 

Effect  of  fats  on  calcium  and  phosphorus  metabolism :  The  effect  of  in¬ 
corporating  the  fats  at  10  per  cent  level  in  an  adequate  diet  on  the  calcium 
and  phosphorus  metabolism  was  studied  in  growing  albino  rats.  The  compo¬ 
sition  of  the  diet  was  the  same  as  that  given  in  Table  4.  Three  groups  of 
growing  albino  rats  (about  6  weeks  old,  each  rat  weighing  80 — 85  g.)  were 
used.  Each  group  contained  six  rats  (3  males  and  3  females).  The  animals 
were  fed  diets  containing  the  different  fats.  After  a  preliminary  period  of 
o  days  on  experimental  diets,  the  feces  and  urine  were  collected  for  a  period 
of  six  days,  adopting  the  methods  followed  by  Narayana  Rao  and  Swami- 
nathan.54  Calcium  and  phosphorus  in  urine,  feces  and  food  were  estimated 
according  to  the  methods  followed  by  Murthy  el  a/.66  The  results  are  given 
in  Tables  29  and  30. 


Consumer  acceptability  of  dishes  prepared  using  different  fats :  In  order 
to  assess  the  relative  acceptability  of  the  fats  as  cooking  medium,  one  sweet 

,-rr  }  ^Sf°re  and  one  savoury  dish  ( Bhajji )  were  prepared  using  the 
dineient  fats  The  consumer  acceptability  of  preparations  was  evaluated 

mte  Th  ‘,?Jufdges  se,'cted  from  amo"S  <he  staff  members  of  the  Insti- 
.  I  he  results  of  organoleptic  evaluation  of  the  fats  are  given  in  Table  3 1 

ffieesweSet^ ^  ^vour  of  pafao  oil  could  be'easily  detected  in 
The  H  dlsh  made  from  palm  oil,  but  not  in  that  made  from  the  blend 

tae  theh  “c  ?  .m?r  e  ranked  in  the  follo"’inS  descending  order  regmd- 

lability  of  the  savour  J  ft •  u  d,ffcren,ce>  however,  in  the  flavour  and  accep- 
■tty  01  the  savoury  dish  prepared  using  the  three  different  fats,  ' 


FracJ"  at^m  Smperltme"8' vF’  ’^Sf  !n‘°  and  solid 

a  rich  source  of  carotene  (260W100  'i  e^fSults  ^  Table  23  show  that  it  is 


/o 


INVESTIGATIONS  ON  VANASPATI 

ing  favourably  in  this  respect  with  the  blend  as  well  as  hydrogenated 
groundnut  oil.  Addition  of  citric  acid  alone  has  no  stabilising  effect  on  the 
oils.  Addition  of  butylated  hydroxy  anisole  and  propyl  gallate  alon*  with 
citric  acid  improves  the  keeping  quality  of  different  fats."  No  appreciable 
increase  in  the  acid  tty  of  oils  due  to  storage  for  a  petiod  of  six  months  was 
obsei  ved. 

The  results  ( 1  able  26)  on  the  n  itritive  value  of  the  oils  show  that  there 
is  no  significant  difference  in  their  growth -promoting  value.  Previous 
workers26*27.56  also  could  not  observe  any  significant  difference  in  the 
growth-promoting  value  ofdifferent  vegetable  and  animal  fats.  The  three 
fats,  palm  oil,  palm  oil  blend  and  hydrogenated  groundnut  oil,  were  almost 
completely  digestible.  Deuel  et  al ,27  observed  that  fats  which  have  a  melting 
point  below  50°G.  are  almost  completely  digested  by  rats.  No  significant 
difference  was  observed  in  the  retention  of  calcium  and  phosphorus  in  rats 
fed  palm  oil,  palm  oil  blend  and  hydrogenated  groundnut  oil. 
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Summary 

Nine  Indian  varieties  of  cottonseed  were  examined  for  their  linter, 
hull  and  kernel  composition  ;  physical  and  chemical  characteristics  of  oil 
obtained  from  them  and  methods  of  refining  and  bleaching  the  oil. 

The  proportion  of  linter,  hull  and  kernel  in  Indian  varieties  was 
slightly  lower  than  those  reported  for  American  varieties. 

The  oil  contents  of  whole  seeds  and  kernels  ranged  from  14  to  19.4 
per  cent  and  29  to  35  per  cent  respectively  (slightly  lower  than  those  re¬ 
ported  for  American  varieties). 

Alkali  refining  of  crude  cottonseed  oil  yielded  an  oil  with  light  colour 
(Lovibond  units :  l'O.O  R  ;  19.9  Y).  Re-refining  improved  the  colour  to  an 
appreciable  extent  and  bleaching  of  r ‘-refined  oil  with  a  mixture  of  fuller  s 
earth  and  sawdust  charcoal  gave  an  oil  with  very  little  coloui  (Lovibond 
units  •  R  0  8-  Y  3  8).  Fuller’s  earth  alone  had  some  bleaching  effect,  bu 
“long  with  animai  charcoal  or  sawdust  charcoal,  it  served  as  a  good  blea- 

ching  agent. 

"The  gossvpol  content  of  Indian  cottonseed  varied  from  0.7-0  92  per 

cent.  Refining  of  cottonseed  oil  completely  removed  gossypol  Horn  • 

In  vitro  digestibility  of  crude,  refined  and  hydrogenated  cot  om«d 

oils,  refined  groundnut  oil  and  cow's  ghee  has  been  studred  usmg  castor  and 

,h„  ...  ~  rapidly  s;3i£ S25 

tion  of  the  other  fats  being  nearly  the  same.  Theg  Y  order 

these  fats,  as  judged  by  feeding  trials  on  adult  albino  rats,  was  oi 

Hf  9  >  Nutritive  value  of  crude,  refined  and  hydrogenated  cottonseed 
oils,  groundnut  oil  and  cow’s  ghee  has  een  s  u  le  . 
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There  was  no  significant  difference  in  the  growth-promoting  value  of 
these  fats  at  10  per  cent  level  in  adequate  synthetic  diets  in  young  albino 


!  Body  storage  and  metabolism  studies  on  the  effect  of  these  fats  on  cal¬ 
cium  and  phosphorus  metabolism  showed  that  rats  fed  hydrogenated  cot¬ 
tonseed  oil  diet  excreted  more  of  calcium  in  the  feces  than  the  otlici  lats. 
J.’he  percentage  of  calcium  utilized  by  rats  fed  diets  containing  cottonseed 
a l  and  cow’s  ghee  was  slightly  more  than  that  utilised  by  rats  fed  on  other 

I  cl  t.S 

The  stability  of  crude,  refined  and  refined  &  bleached  cottonseed 
oil  when  stored  in  glass,  aluminium  and  tinned  brass  containers  for  a  period 
of  three  months,  as  judged  by  changes  in  peroxide  value,  has  been  examined. 

Crude  cottonseed  oil  was  stable  when  stored  in  glass  containers. 
While  the  oil  was  stable  even  when  stored  in  metallic  containers,  refined 
cottonseed  oil  was  not  stable. 

Addition  of  butylated  hydroxy  anisole  (BHA)  and  dodecyl  gallate  at 
0.02  per  cent  level  to  refined  and  refined  &  bleached  cottonseed  oil  stored 
in  metal  containers  did  not  prevent  the  development  of  peroxides. 

The  physical  and  chemical  constants  of  winterized  cottonseed  oil  as 
well  as  of  refined  &  bleached  cottonseed  oil  have  been  determined. 

The  autoxidalive  stability  of  cottonseed  oil  was  not  materially  affec¬ 
ted  by  winterization.  Propyl  and  dodecyl  gallates  along  with  citric  acid 
as  synergist  were  effective  in  retarding  the  development  of  peroxides. 

The  bleaching  properties  of  four  activated  Mysore  clays  and  of  acti¬ 
vated  vegetable  carbons  from  cheap  raw  materials  like  saw  dust,  ground¬ 
nut  and  cottonseed  hulls  and  paddy  husk  have  been  tested  and  compared 
with  some  imported  earths  and  carbons. 

Tests  using  refined  groundnut  and  cottonseed  oils  showed  that  Baghes- 
hapura  clay  was  the  best  and  was  as  efficient  as  certain  imported  earths. 

Similar  tests  with  activated  carbons  using  refined  cottonseed  oil 

s  towed  that  some  of  the  carbons  prepared  were  as  efficient  as  imported  car¬ 
bons. 


i  .^  Physical  and  chemical  constants  and  carotene  content  of  palm  oil 
palm  oil  blend,  and  hydrogenated  groundnut  oil  have  been  determined.’ 

I  he  keeping  quality  of  palm  oil  and  palm  oil  blend  was  nearly  the 
same  as  that  of  hydrogenated  groundnut  oil. 

«ll^wnm0n  °f  bVty!ated  hydroxY  anisole  (0.02  per  cent)  and  propyl 
gallate  (0.01  percent)  along  with  citric  acid  (0.005  per  cent)  enhanced  the 
keeping  quality  of  the  fats.  '  cimancea  tfte 

the  thrllT*  "  si§nific^t  difference  in  the  growth-promoting  value  of 
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